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(54) Moving object with fuel cells Incorporated therein and method of controlling the same 



(57) in a hybrid vehicle with fuel celts (60) and an 
engine (10) mounted thereon as energy output sources, 
the technique of the present invention adequately 
changes a working energy output source according to a 
driving state of the hybrid vehicle. The hybrid vehicle 
has the engine (10) and a motor (20). both enabling 
power to be output to an axle (17). The hybrid vehicle 
also has fuel cells (60) as a main electric power supply 
for driving the motor (20). The technique of the present 
invention changes the working energy output source 
between the fuel cells (20) and the engine (10), in order 
to reduce the output of the fuel cells (20) with consump- 
tion of a fuel for the fuel cells (20). With a decrease In 



remaining quantity of the fuel, the technique narrows a 
specific driving range, In which the motor (20) is used as 
the power source. The technique also causes the 
engine (1 0) to drive the motor (20) as a generator and 
charges a battery (50) not with electric power of the fuel 
cells (60) but with electric power generated by the motor 
(20). This arrangement effectively prevents the fuel for 
the fuel cells (60) from being excessively consumed in 
one driving mode. The fuel cells (60) can thus be used 
preferentially in a specific driving state of the hybrid 
vehicle where the fuel cells (60) have a high efficiency. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a moving object with at least two energy output sources including fuel cells 
incorporated therein, a driving apparatus for the moving object, and a method of controlling the moving object. 

10 Description of the Related Art 

[0002] Hybrid vehicles with an engine and a motor mounted thereon have been proposed recently. In one form of 
the hybrid vehicle called a parallel hybrid vehicle, the power of both the motor and the engine is output to a drive shaft. 
The parallel hybrid vehicle has the engine and a battery as energy output sources to produce mechanical and electrical 

15 power to rotate the drive shaft. The parallel hybrid vehicle may run only with the power from the engine or from the bat- 
tery. Proper conditional use of these two energy output sources enables the engine to operate in an efficient operating 
range. The motor may also act as a generator to convert the mechanical power of the driving shaft into electric power 
while causing a braking force to the driving shaft. The regenerative braking by the motor recovers the kinetic energy of 
the vehicle to charge the battery. Because of these functions, the parallel hybrid vehicle has excellent fuel consumption 

20 and environmental properties. 

[0003] Another form of the hybrid vehicle is called a series hybrid vehicle. The series hybrid vehicle runs with power 
from a motor connected with the drive shaft. The engine is disposed separately from the drive shaft and drives a gen- 
erator to generate electric power. The motor is driven with at least either one of the electric power generated by the gen- 
erator and the electric power supplied from a battery. The series hybrid vehicle also has the two energy output sources 

25 of the engine and the battery. Proper combinational use of these two energy output sources ensures the excellent fuel 
consumption and environmental properties. 

[0004] Some vehicles with fuel cells mounted thereon as one of energy output sources have been proposed as one 
type of the parallel hybrid vehicle (for example, a vehicle disclosed in JAPANESE PATENT LAID-OPEN GAZETTE No. 
3-148330). The fuel cells oxidize hydrogen, or fuel, to generate electric power The exhaust from the fuel cells is water 
30 vapor and does not contain any harmful components. The fuel cells accordingly have extremely excellent environmental 
properties. Some types of fuel cells utilize a hydrogen rich gas generated by reforming of a fuel, such as methanol. 
Hybrid vehicles having these fuel cells and a gasoline engine are provided with a plurality of fuel reservoirs, in which 
methanol and gasoline are separately stored. 

[0005] The fuel cell technology is being under rapid development these days. There is accordingly no sufficient dis- 
35 cussion on the optimum combination of the output characteristics of the fuel cells with those of another energy output 
sources such as a heat engine. The fuel cells generate electrical energy like secondary batteries, but they are irrevers- 
ible energy output sources. The secondary battery is rechargeable even in the course of a drive of the hybrid vehicle. 
The fuel cells, on the other hand, do not recover their power generation ability without an external supply of fuel. 
Another disadvantage of the fuel cells is a poor response. 
40 Hybrid vehicles with the fuel cells have been proposed to combine the advantages of the conventionally used engine 
with these of the fuel cells. In the proposed hybrid vehicles with the fuel cells, however, the effective use of the fuel cells 
has not been fully considered by taking into account the above characteristics. 

[0006] In the proposed hybrid vehicles with the fuel cells mounted thereon, the fuel cells are used only in a limited 
manner and not fully utilized. The favorable fuel consumption and the other advantages of the hybrid vehicle have not 

45 been fully utilized. Sufficient warming up is generally required in the process of power generation by the fuel cells. The 
fuel cells accordingly have a poor response to a requirement of power generation. There has been no sufficient discus- 
sion on the method of compensating for the poor response and outputting the required electric power. 
[0007] In the proposed hybrid vehicles with the fuel cells mounted thereon, there has been substantially no discus- 
sion on the selective use of energy output sources at a drive in a specific condition that is different from a normal drive. 

50 There has also been substantially no discussion on the technique of utilizing the characteristics of the fuel cells as an 
electric power supply of high efficiency and excellent environmental properties, so as to improve the facility of the hybrid 
vehicle. 

[0008] In the vehicle with a plurality of energy output sources requiring different types of fuels, such as fuel cells 
and a gasoline engine, it is required to supply the corresponding fuels to the respective fuel reservoirs or tanks without 
55 any confusion. No simple structure, however, has been proposed to prevent confusion between the plurality of fuels 
supplied. 

[0009] The conventional vehicles have another problem relating to vibration damping of the engine as discussed 
below. The engine generally has a pulsation or variation in its output torque. In a vehicle with a motor in addition to the 
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engine as a mechanism to output a torque to the drive shaft, the motor can compensate for a variation in the torque 
output from the engine to the drive shaft. There has been no sufficient discussion on the effective use of the fuel cells 
as the electric power supply of the motor In the torque control. 

[0010] When the engine torque is greater than a required torque, the motor carries out regenerative operation to 
5 give a load, thereby attaining the required torque output. When the engine torque is less than the required torque, on 
the other hand, the motor carries out power operation to attain the required torque output. The torque control is gener- 
ally accompanied by extraction and supply of electric power from and into the motor. The conventional technique imple- 
ments such control with the secondary battery. The fuel cells are the power generator unit that carries out only power 
generation, and can not replace the secondary battery. 
10 [0011] The torque control technique with the secondary battery, however, has a problem that the extraction Bnd 
supply of electric power from and into the motor are difficult to balance, and thereby the electric power of the secondary 
battery is often consumed excessively. This is ascribed to a conversion loss between the mechanical power and the 
electric power due to the charge and discharge efficiencies of the secondary battery. 

[0012] One proposed technique for compensating the conversion loss includes the use of another electric power 
is supply. The fuel cells may be used as such an electric power supply for compensation. While the motor carries out 
power operation for the vibration damping, this proposed technique restricts the discharge of the secondary battery by 
the amount of the electric power previously regenerated and causes the fuel cells to compensate for an insufficiency of 
electric power. The electric power supplied from the secondary battery, however, has a low efficiency due to the losses 
in the charging and discharging process. The primary use of such electric power results in lowering the energy effi- 
20 ciency in the vibration damping. The use of the fuel cells for the purpose of compensation does not effectively draw the 
advantages of the fuel cells having the high efficiency of power generation. 

[0013] The issues discussed above arise not only in the hybrid vehicles but in any moving objects having a plurality 
of energy output sources including fuel ceils. 

25 SUMMARY OF THE INVENTION 

[0014] One object of the present invention is thus to provide a moving object with fuel cells mounted thereon, which 
effectively uses the fuel cells as an energy output source and has excellent fuel consumption and environmental prop- 
erties. 

[0015] Another object of the present invention is to provide a simple structure that effectively prevents confusion 
between a plurality of fuels supplied. 

[0016] Still another object of the present invention is to provide a technique that efficiently controls a variation in 
torque output from a heat engine with a torque of a motor. 

[0017] At least part of the above and other related objects is actualized by a first moving object having at least two 
energy output sources including a fuel cell. The first moving object includes: a detector that measures at least either 
one of an output sustaining ability and a variation thereof with regard to at least one of the at least two energy output 
sources; and an output controller that controls an output state of energy from each of the at least two energy output 
sources, based on a result of the measurement by the detector, so as to ensure output of a required total energy. 
[0018] The first moving object of the present invention has at least two energy output sources including fuel cells. 
The energy output source outputs energy in a variety of forms including mechanical energy and electrical energy. The 
fuel cells are the energy output source that outputs electrical energy. It is not necessary that the at least two energy out- 
put sources output different forms of energy. The at least two energy output sources may, however, output the same 
form of energy as in the case of the fuel cells and a secondary battery. 

[0019] The first moving object of the present invention controls the output state of each of the plural energy output 
sources according to its output sustaining ability. For example, the fuel cells can be controlled to have the output accord- 
ing to at least either one of the output sustaining ability and the variation thereof. The output sustaining ability here 
means a total quantity of energy that can be output continuously from each energy output source. The output sustaining 
ability of the fuel cells is defined, for example, as the ability of the fuel cells for continuously performing the power gen- 
eration and corresponds to a physical quantity obtained as a time integral of the electric power that can be output from 
the fuel cells. Even if the energy output source can output the required electric power, in the case where the required 
level of electric power is kept only for a short time period, it is determined that the energy output source has a low output 
sustaining ability. 

[0020] The continuous output of high energy from the fuel ceils having the low output sustaining ability may cause 
the fuel cells to fall into a power generation-unable state. The fuel cells in this state can no longer be used as the energy 
output source. In this case, the moving object should be driven with the energy output source or sources other than the 
fuel cells. The moving object with a plurality of energy output sources mounted thereon attains a drive of high efficiency 
by property using these energy output sources. If the fuel cells can not be used as one of the energy output sources, 
there is an undesirable restriction in use of the energy output sources. This lowers the driving efficiency. Controlling the 
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output of the fuel cells according to the output sustaining ability enables the fuel cells to be kept in the power generation- 
capable state over a long time period. The variation In output sustaining ability Is regarded as a parameter indirectly rep- 
resenting the future output sustaining ability. The control may thus be carried out according to the variation In output 
sustaining ability, in order to keep the fuel cells in the power generationcapable state over a long time period. The con- 

5 trol may alternatively be performed according to both the output sustaining ability and its variation. The first moving 
object of the present invention controls the output of the fuel cells in this manner and thus ensures the proper use of the 
respective energy output sources during a long drive. This desirably improves the driving efficiency and the environ- 
mental properties. In other words, the first moving object of the present Invention adequately reduces the consumption 
of the FC fuel, in order to allow the fuel cells to be used in the specific conditions that effectively utilize the power gen- 

10 eration ability of the fuel cells, thereby improving the driving efficiency and the environmental properties. The above 
description regards the control of the output of the fuel cells. The principle of the present invention, however, enables 
the proper use of the energy output sources according to the observed output sustaining ability of any other energy out- 
put source. 

[0021] in the moving object, the operation of each constituent is generally controlled by taking into account the 
is energy per unit time. The term 'energy 1 used in the specification hereof means the energy per unit time, unless other- 
wise specified. In this specification, the term 'energy 1 is synonymous, in principle, with the terms 'power* and 'electric 
power*. 

[0022] The term 'moving object' used in the specification hereof includes a diversity of moving objects that move 
with the power, for example, vehicles, ships and vessels, aircraft, airships, and other flying objects. The purpose of the 
20 moving object is not restricted to the transportation of people or things nor to the boarding. 

[0023] In accordance with one preferable application of the first moving object, the detector measures at least either 
one of the output sustaining ability of the fuel cell and the variation thereof, based on a remaining quantity of a fuel for 
the fuel cell. 

[0024] This application enables the output sustaining ability and the variation thereof to be securely measured by 
25 the simplest procedure. The fuel cells are an irreversible energy output source that can not perform power generation 
without an external supply of a fuel once the fuel for the fuel cells (hereinafter referred to as the FC fuel) has been used 
up. Measurement of the output sustaining ability using the remaining quantity of the FC fuel as the parameter enables 
the irreversibility of the fuel cells to be evaluated in the most appropriate manner. This ensures the proper control by 
taking into account the characteristics of the fuel cells. In the case where the variation of the output sustaining ability is 
30 observed, it is not necessary to measure the absolute value of the remaining quantity of the FC fuel, but only a variation 
in remaining quantity of the FC fuel may be measured. Similarly, in the case where a heat engine is used as one of the 
energy output sources, the output sustaining ability of the heat engine may be measured, based on the remaining quan- 
tity of a fuel supplied to the heat engine. 

[0025] In accordance with another preferable application of the first moving object, the detector measures at least 

35 either one of the output sustaining ability of the fuel cell and the variation thereof, based on a loading state of the fuel 
cell. The loading state is defined, for example, by the electric power output from the fuel cells or the output of the motor 
driven by the fuel cells as the parameter. The output sustaining ability of the fuel cells varies with a variation in loading 
applied to the fuel cells. The continuous monitor of the loading state allows measurement of the output sustaining ability 
or its variation. Similarly, in the case where a heat engine is used as one of the energy output sources, the output sus- 

40 taining ability of the heat engine may be measured, based on the loading state of the heat engine. 

[0026] The output sustaining ability and its variation may be defined by a variety of other parameters. For example, 
the temperature of the fuel cells may be used for the measurement. When the temperature of the fuel cells is abnormally 
high, it is required to interrupt the power generation, in order to lower the temperature. The abnormally high temperature 
can thus be regarded as the case of the lowered output sustaining ability. When the temperature of the fuel cells does 

45 not sufficiently rise to the allowable level for power generation, this is also regarded as the case of the lowered output 
sustaining ability. In the case where the temperature of the fuel cells is used as the parameter, it may be determined 
that the output sustaining ability is improved according to a temperature variation subsequent to the determination of 
the lowered output sustaining ability. In another example, the output sustaining ability may be evaluated, based on the 
determination of whether the fuel cells function properly or malfunction. 

so [0027] In the first moving object of the present invention, the at least two energy output sources may include the 
fuel cell and a heat engine. 

[0028] The fuel cells are the output source of electrical energy, whereas the heat engine is the output source of 
mechanical energy. The use of the two different energy output sources that respectively output different forms of energy 
ensures the mutual supplement in the areas of low driving efficiency, thereby attaining a drive of high efficiency as a 
55 whole. The available energy output sources are, however, not restricted to these two examples. 

[0029] In accordance with one preferable embodiment of the moving object that has the fuel cells and the heat 
engine as the energy output sources, the detector measures at least either one of the output sustaining ability of the 
heat engine and the variation thereof. The output controller selects the fuel cell to be used in place of the heat engine 
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as a working energy output source even in a specific driving range where the heat engine is to be used as the working 
energy output source, when the observed output sustaining ability of the heat engine is lower than a predetermined 
level. 

[0030] In the case of the lowered output sustaining ability of the heat engine, the change of the working energy out- 
5 put source from the heat engine to the fuel cells effectively restricts the use of the heat engine and desirably prevents 
a further decrease in. output sustaining ability. This enables the heat engine to be kept in a workable state, and ensures 
the proper use of the fuel ceils and the heat engine in other driving conditions. The predetermined level used as the 
criterion for the control is arbitrarily set and may vary according to the driving state of the moving object. The control 
may be performed at a time point when the observed output sustaining ability is actually lower than the predetermined 
10 level or at a time point when the output sustaining ability is expected to be lower than the predetermined level. 

[0031] As discussed above, the principle of the present invention is applicable to the diversity of moving objects 
having the various energy output sources. The control of the fuel cells may be implemented by a variety of techniques. 
The following describes some applications of the control procedure. 

[0032] In accordance with one preferable application of the present invention, the first moving object further 
75 includes: a drive shaft that outputs power; and a mechanical energy output mechanism that converts energy output 
from each of the at least two energy output sources into mechanical energy and outputs the converted mechanical 
energy to the drive shaft. The required total energy is expressed as a quantity of mechanical energy output from the 
drive shaft per unit time. 

[0033] This application carries out the control based on the mechanical energy output to the drive shaft. In the case 
20 of the energy output source outputting the electrical energy such as the fuel cell6, a motor may correspond to the 

mechanical energy output mechanism. In the case of the energy output source outputting the mechanical energy, such 

as the heat engine, a mechanism for transmitting the output energy to the drive shaft may correspond to the mechanical 

energy output mechanism. In this case, the output shaft of the heat engine may be linked directly with the drive shaft. 

In the first moving object of the above application, the output of the fuel cells is regulated according to at least either 
25 one of the output sustaining ability and its variation. This technique enables the power to be output from the drive shaft 

while properly using the respective energy output sources. This output power is mainly used to move the moving object. 

This structure accordingly ensures a highly efficient movement of the moving object. 

[0034] In accordance with one preferable application of the moving object that controls the power output from the 
drive shaft, the output controller narrows a preset driving range of the moving object, in which a predetermined energy 
ao output source selected out of the at least two energy output sources is mainly used to output the required total energy, 
with a decrease in output sustaining ability of the selected energy output source. 

[0035] For example, in the case where the predetermined energy output source is the fuel cells, the output control- 
ler narrows the preset driving range of the moving object, in which the fuel cells are mainly used to output the required 
total energy, with a decrease in output sustaining ability of the fuel cells. 

35 [0036] In the first moving object of this application, the preset driving range, in which the fuel cells are mainly used, 
is narrowed with a decrease in output sustaining ability of the fuel cells. This reduces the frequency of consumption of 
the FCfuel. The driving range here is defined, for example, by the driving force required for the movement and the mov- 
ing velocity as the parameters. The narrowed driving range of the moving object reduces the consumption of the FC 
fuel. The preset driving range of the moving object may be narrowed in a stepwise manner or continuously with a 

4Q decrease in output sustaining ability of the fuel cells. The similar control procedure may be applied for any energy output 
source other than the fuel cells. 

[0037] In accordance with another preferable application of the moving object that controls the power output from 
the drive shaft, the output controller reduces a torque, which is to be output by utilizing a predetermined energy output 
source selected out of the at least two energy output sources, with a decrease in output sustaining ability of the selected 
45 energy output source. For example, in the case where the predetermined energy output source is the fuel cells, the out- 
put torque by utilizing the fuel cells is reduced with a decrease in output sustaining ability of the fuel cells. This arrange- 
ment effectively reduces the loading of the selected energy output source, for example, the fuel cells. This prevents a 
further decrease in output sustaining ability of the fuel cells and thereby desirably reduces the consumption of the FC 
fuel. 

so [0038] In accordance with a concrete embodiment of the moving object that controls the power output from the 
drive shaft, the at least two energy output sources include a heat engine, the fuel ceil, and a secondary battery. The 
mechanical energy output mechanism includes at least a motor that is rotatable with electric power output from the fuel 
cell and the secondary battery. The output controller varies at least either one of a driving area of the motor and an out- 
put torque of the motor in a specific driving range of the moving object, based on an output sustaining ability of the fuel 

55 cell. 

[0039] The first moving object of this arrangement varies at least either one of the driving area of the motor and the 
output torque of the motor, so as to reduce the consumption of the FC fuel based on the functions discussed previously. 
The moving object has the secondary battery as the electric power supply for driving the motor. This enables the insuf- 
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ficiency of electric power due to the decreased loading of the fuel cells to be compensated with the electric power output 
from the secondary battery, thus ensuring the proper use of the respective energy output sources with a high degree of 
freedom. This technique desirably reduces the loading of the fuel cells without damaging the ride of the moving object 
or the response. 

5 [0040] In accordance with another preferable application of the present invention, the first moving object further 
includes: an accumulator that is charged with electric power and is discharged to release electric power; and an elec- 
trical energy output mechanism that converts energy output from each of the at least two energy output sources into 
electrical energy, which is supplied to charge the accumulator. The required total energy Is expressed as a quantity of 
electrical energy required to increase a charge level of the accumulator to a predetermined degree. 

10 [0041] This application carries out the control based on the electrical energy supplied to charge the accumulator. 
The electric power accumulated in the accumulator, such as a secondary battery or a capacitor, may be used to drive 
the moving object via a motor or to drive a diversity of auxiliary machines. In the case of the energy output source out- 
putting the electrical energy, such as the fuel cells, a conductor, through which the output electric power is transmitted, 
may correspond to the electrical energy output mechanism. In the case of the energy output source outputting the 

is mechanical energy, such as the heat engine, a generator driven with the mechanical energy may correspond to the 
electrical energy output mechanism. The technique of the above application controls the output of the fuel cells accord- 
ing to the output sustaining ability, thereby enabling the charging control of the accumulator with the proper use of the 
respective energy output sources. 

[0042] In accordance with one preferable embodiment of the moving object that carries out the charging control of 
20 the accumulator, the output controller lowers the predetermined degree, which is set as a target charge level of the 
accumulator, with a decrease in output sustaining ability of a specific energy output source that mainly outputs electric 
power to charge the accumulator. 

[0043] Lowering the predetermined degree, which is the target level of the electric power to be accumulated in the 
accumulator, naturally decreases the total electric power to be output from the energy output sources to the accumula- 
25 tor. This accordingly decreases the electric power to be output from the fuel cells. The first moving object of this 
arrangement lowers the target level of the electric power to be accumulated in the accumulator according to the output 
sustaining ability, thereby reducing the consumption of the FC fuel. 

[0044] In accordance with another preferable embodiment of the moving object that carries out the charging control 
of the accumulator, the output controller reduces a ratio of an output of a specific energy output source, which mainly 
so outputs electric power to charge the accumulator, to the total energy with a decrease in output sustaining ability of the 
specific energy output source. 

[0045] This arrangement properly uses the energy output sources while keeping the target level of the electric 
power to be accumulated in the accumulator. With a decrease in output sustaining ability, the first moving object of this 
arrangement reduces the output of the fuel cells and compensates the insufficiency with the energy output from another 
35 energy output source, so as to charge the accumulator. The technique of this embodiment thus effectively reduces the 
consumption of the FC fuel. 

• [0046] In the case of lowering the output of the fuel cells, It is preferable that the output controller heightens the pre- 
determined degree, which is set as a target charge level of the accumulator, with a decrease in output sustaining ability 
of a specific energy output source that mainly outputs electric power to charge the accumulator. 

40 [0047] In the case where the output sustaining ability is lowered, it is preferable to reduce the output of the fuel cells 
in any state in addition to the charging state of the accumulator. From this point of view, it is favorable that the electric 
power accumulated in the accumulator is kept at a sufficiently high level. In the case of the lowered output sustaining 
ability, this arrangement reduces the output of the fuel cells and enables a large quantity of electric power to be accu- 
mulated in the accumulator using the output from another energy output source. This technique effectively reduces the 

45 consumption of the FC fuel under a variety of conditions requiring electric power. 

[0048] A combination of the above two control techniques may be applied to the moving object that carries out the 
charging control. In the case of the lowered output sustaining ability, the combined arrangement lowers the predeter- 
mined degree set in the accumulator while reducing the ratio of the output of the fuel cells to the total energy. In any of 
the applications discussed above, the predetermined degree and the ratio of the output may be lowered with a decrease 

50 in output sustaining ability in a stepwise manner or continuously. 

[0049] The first moving object of the present invention may carry out the control discussed above, based on the out- 
put sustaining ability. In the case where the detector measures a variation in output sustaining ability with regard to at 
least one of the at least two energy output sources, however, the output controller may vary an output of the at least one 
energy output source, with regard to which the variation in output sustaining ability is measured, at a speed correspond- 

55 ing to the observed variation. For example, in the case where the output sustaining ability abruptly decreases, the out- 
put of the fuel cells should abruptly be reduced with the abrupt decrease. This arrangement effectively prevents 
excessive consumption of the FC fuel. This control technique regulates the consumption of the FC fuel according to the 
variation in output sustaining ability in the course of a drive of the moving object. The output variation speed of the fuel 
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cells may be varied continuously or in a stepwise manner according to the variation in output sustaining ability. 
[0050] In accordance with one preferable embodiment of the moving object, the output controller changes a work- 
ing energy output source according to a driving state of the moving object, so as to output the total energy. The output 
controller forbids a change of the working energy output source to a specific energy output source that is determined 
s to have an output sustaining ability of not greater than a preset level. In a moving object with fuel cells and a heat engine 
mounted thereon, for example, when the remaining quantity of the fuel for the heat engine decreases to or below a pre- 
determined level, the fuel cells should continuously be used as the working energy output source even in the specific 
driving state that generally recommends a change of the working energy output source from the fuel cells to the heat 
engine. 

10 [0051] In accordance with another preferable embodiment of the moving object, the output controller changes a 
working energy output source according to a driving state of the moving object, so as to output the total energy. The 
output controller performs a change of the working energy output source from a specific energy output source, which is 
determined to have an output sustaining ability of not greater than a preset level, to another energy output source even 
if the driving state of the moving object recommends a selection of the specific energy output source as the working 

15 energy output source. In the moving object with the fuel cells and the heat engine mounted thereon, for example, when 
the remaining quantity of the fuel for the heat engine decreases to or below a predetermined level, the working energy 
output source should be changed from the heat engine to the fuel cells. 

[0052] These arrangements effectively restrict the use of the specific energy output source having the lowered out- 
put sustaining ability. The continuous use of the specific energy output source in the state of low output sustaining ability 
20 results in lowering the driving efficiency and may further cause an abrupt change of the total output energy when the 
specific energy output source falls into an output-unable state. This may significantly damage the drive feeling of the 
moving object. These arrangements of the present invention favorably prevent the drive feeling from being abruptly 
changed. 

[0053] In the latter arrangement that changes the working energy output source from the specific energy output 
25 source having the lowered output sustaining ability to another energy output source, it is preferable that each of the at 

least two energy output sources has a mechanism that outputs rotational power to a drive shaft of the moving object. 

The output controller performs the change of the working energy output source from the specific energy output source 

to the another energy output source in a specific driving state of the moving object, where a difference between torques 

said specific energy output sources can ouput is within a preset range. 
30 [0054] This arrangement effectively restricts a variation in torque at the time of the change within the preset range 

and thereby reduces the potential shock. The preset range may arbitrarily be determined in an allowable area according 

to the type of the moving object. 

[0055] In accordance with another preferable application of the present invention, the first moving object further 
includes a driving state input unit that inputs a predetermined parameter representing a driving state of the moving 
35 object. The output controller varies a reference value, which is used to control the output state of energy from each of 
the at least two energy output sources based on the result of the measurement, with a variation of the predetermined 
parameter. 

[0056] This arrangement ensures the flexible use of the energy output sources according to the driving conditions 
and thereby actualizes a highly efficient drive suitable for the drive feeling. There are a variety of parameters usable as 
40 direct indexes of the driving conditions; for example, the moving velocity of the moving object and the accelerator travel 
indicating a required power. In the structure having a system that gives information on the course of the moving object, 
various pieces of information obtained from this system may also be used as the parameters. 

[0057] Another embodiment of the present invention is a driving apparatus having a main part identical with that of 
the moving object discussed above. 

45 [0058] The present invention is accordingly directed to a driving apparatus having at least two energy output 
sources including a fuel cell. The driving apparatus includes: an estimation unit that estimates at least either one of a 
remaining power and a variation thereof with regard to at least one of the at least two energy output sources; and an 
output distribution controllerthat regulates a distribution of total energy to be output from the at least two energy output 
sources among the at least two energy output sources, based on a result of the estimation by the estimation unit 

so [0059] Because of the same functions as those discussed above with regard to the moving object, the driving appa- 
ratus of the present invention ensures a drive of high efficiency and excellent environmental properties. 
[0060] The remaining power here corresponds to a physical quantity obtained as a time integral of the electric 
power output from each energy output source. The remaining power can be estimated with a variety of parameters. 
[0061] For example, the estimation unit may estimate at least either one of the remaining power and the variation 

55 thereof with regard to the fuel cell, based on either one of a remaining quantity of a fuel for the fuel cell and a remaining 
quantity of a raw material used to produce the fuel for the fuel cell. 

[0062] In accordance with one preferable embodiment of the driving apparatus, the output distribution controller 
regulates the distribution while allowing at least one energy output source other than the fuel cell to have a negative 
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output energy. 

[0083] Setting a negative value to the output energy means that the energy output source prepares for an input of 
energy. For example, in the case where a chargeable and dischargeable accumulator is used as one of the energy out- 
put sources, the state of negative output energy corresponds to charging state of the accumulator. Setting the negative 
5 value to the output energy enables the energy state of the energy output source in the driving apparatus preparing for 
an input of energy to be recovered with the energy output from the other energy output sources including the fuel cells. 
[0084] Like the first moving object of the present invention discussed above, there are a variety of possible arrange- 
ments applicable for the driving apparatus. 

[0065] In accordance with one preferable application of the driving apparatus, the output distribution controller 
10 changes a working energy output source according to a driving state of the driving apparatus, so as to output the total 
energy. The output distribution controller forbids a change of the working energy output source to a specific energy out- 
put source that is determined to have a remaining power of not greater than a preset level. 

[0066] In accordance with another preferable application of the driving apparatus, the output distribution controller 
changes a working energy output source according to a driving state of the driving apparatus, so as to output the total 
is energy. The output distribution controller performs a change of the working energy output source from a specific energy 
output source, which is determined to have a remaining power of not greater than a preset level, to another energy out- 
put source even if the driving state of the moving object recommends a selection of the specific energy output source 
as the working energy output source. 

[0087] In this case, it is further preferable that the output distribution controller performs a change of the working 
20 energy output source from the specific energy output source to the another energy output source in a specific driving 
state of the driving apparatus, where a total torque output from both the specific energy output source and the another 
energy output source to the drive shaft of the driving apparatus is within a preset range. 

[0088] In accordance with another preferable application of the present invention, the driving apparatus further 
includes a driving state input unit that inputs a predetermined parameter representing a driving state of the driving 

25 apparatus. The output distribution controller varies a reference value, which is used to regulate the distribution of the 
total energy to be output from the at least two energy output sources among the at least two energy output sources 
based on the result of the estimation by the estimation unit, with a variation of the predetermined parameter. 
[0089] Because of the same functions as those discussed above with regard to the moving object, these arrange- 
ments ensure the efficient use of the respective energy output sources suitable for the drive feeling. 

30 [0070] The present invention is also directed to a method of controlling a drive of a moving object that has at least 
two energy output sources including a fuel cell. The method includes the steps of: (a) measuring at least either one of 
an output sustaining ability and a variation thereof with regard to at least one of the at least two energy output sources; 
(b) setting a total energy to be output from the at least two energy output sources; and (c) regulating energy to be output 
from each of the at least two energy output sources based on a result of the measurement in the step (a) and controlling 

35 the each energy output source, so as to output the total energy set in the step (b). 

[0071] Part of the objects mentioned above is also actualized by a second moving object having a motor and a heat 
engine as power sources. The second moving object includes: a fuel cell and a secondary battery as electric power 
supplies of the motor; a regulation unit that regulates supplies of electric power fed from the fuel cell and the secondary 
battery to the motor; and a control unit that controls operations of the electric power supplies and the power sources 

40 according to a driving state of the moving object. 

[0072] The second moving object of the present invention includes fuel cells and a secondary battery as the electric 
power supplies. As described previously, the fuel cells are the highly efficient energy source having the excellent envi- 
ronmental properties. The fuel cells generate power through the oxidation reaction of a fuel and thereby have a disad- 
vantage that the sufficient power generation can not be performed once the fuel has been used up. Another 

45 disadvantage of the fuel cells is a time lag before the reaction proceeds to start power generation. The secondary bat- 
tery is, on the other hand, a reversible energy source that can recover the level of electric power by charging even after 
the total consumption of electric power. The advantage of the secondary battery is a quick supply of electric power with- 
out any delay. 

[0073] The second moving object of the present invention has the two electric power supplies having different char- 
so acteristics. The control unit works to properly use these two electric power supplies, thereby attaining a favorable drive 
of the moving object that effectively utilizes the advantages of the respective electric power supplies. In the moving 
object with only the fuel cells mounted thereon as the electric power supply, the motor can no longer be used as the 
power source after the fuel for the fuel cells has been used up. The second moving object of the present invention, on 
the other hand, has the two different electric power supplies mounted thereon. The proper use of these two electric 
55 power supplies solves the above restriction and enables the motor to be driven more flexibly. This ensures a favorable 
drive of the moving object that effectively utilizes the advantages of the two different power sources, that is, the motor 
and the heat engine. Since the moving object has the secondary battery, the kinetic energy of the moving object through 
the regenerative braking can be recovered in the form of electric power. These functions enable the second moving 
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object of the present invention to attain a drive of excellent fuel consumption and environmental properties. The heat 
engine here Includes a diversity of engines that output power by taking advantage of heat, such as Internal combustion 
engines and externa) combustion engines. The term 'power* used In the specification hereof Is not restricted to the 
power that is directly used to drive the moving object. The 'power 1 here includes the power output from the heat engine 

5 for the purpose of power generation. 

[0074] In the second moving object of the present invention, a variety of settings may be applicable for the selective 
use of the electric power supplies and the power sources according to the driving state of the moving object. 
[0075] For example, the second moving object may further include a remaining charge measurement unit that 
measures a remaining charge of the secondary battery. In this structure, the control unit drives the motor with the sec- 

w ondary battery as a working electric power supply in the case where the observed remaining charge is not less than a 
predetermined level, while the moving object is in a specific driving state that has been set in advance to select the 
motor as a working power source. 

[0076] In the second moving object of this arrangement, when the observed remaining charge of the secondary 
battery is not less than a predetermined level, the motor is driven with the secondary battery as the working electric 

15 power supply. As described previously, the secondary battery recovers the level of electric power by charging. In order 
to recover the kinetic energy of the moving object through the regenerative braking, it is desirable that the charge level 
of the secondary battery has some margin to a full charge level. The preferential use of the secondary battery having a 
sufficient remaining charge effectively draws the advantages of the secondary battery discussed above. 
[0077] In the second moving object, when the observed remaining charge of the secondary battery is less than the 

20 predetermined level, the heat engine may be used as the working power source. 

[0078] It is also preferable that the control unit drives the motor with the fuel cell as the working electric power sup- 
ply in the case where the observed remaining charge is less than the predetermined level. 

[0079] This control procedure enables the motor to be driven as the working power source, even when the second- 
ary battery has an insufficient remaining charge. This arrangement ensures the flexible use of the motor in a wider driv- 

25 ing area. The motor is the power source having the better environmental properties than the heat engine. The fuel cells 
are the electric power supply having the excellent environmental properties. The second moving object of the above 
application uses the fuel cells when the secondary battery has a relatively low remaining charge. This arrangement 
desirably saves the fuel for the fuel cells and attains a favorable drive having excellent environmental properties. This 
control procedure is substantially equivalent to the control that gives a preference to the secondary battery over the fuel 

30 cells as the working electric power supply. 

[0080] The predetermined level as the criterion for the selective use of the electric power supplies is adequately set 
in a specific range that enables the moving object to be smoothly and efficiently driven, based on the power generation 
ability of the fuel cells, the load of the fuel for the fuel cells, and the remaining charge of the secondary battery. 
[0081] In one exemplified structure, the control unit causes an insufficiency of electric power to be compensated 

35 with electric power output from the secondary battery in a transient period before the fuel cell ensures a sufficient sup- 
ply of electric power required to drive the motor, while the fuel cell is selected as a working electric power supply. In this 
case, the predetermined level is a certain remaining quantity set based on a quantity of electric power that enables the 
compensation. 

[0082] The fuel cells generally have a time lag between the activation of the fuel ceils and the actual supply of a 
40 desired electric power. The above control procedure enables the secondary battery to compensate for an insufficiency 
of electric power in the transient period before the fuel cells generate a desired electric power. The setting of the pre- 
determined level switches the working electric power supply from the secondary battery to the fuel cells, while the sec- 
ondary battery still has a remaining quantity of electric power to attain the compensation. This arrangement ensures the 
compensation of electric power and smoothly switches the working electric power supply without any extreme variation 
45 in electric power. 

[0083] In the second moving object of the present invention, a variety of settings may be applied for the proper 
selection of the power sources. 

[0084] In accordance with one preferable application, the second moving object further includes a high torque con- 
dition decision unit that determines whether or not the moving object is in a specific driving state that satisfies a preset 
so condition for requiring a high torque. The control unit drives both the heat engine and the motor as working power 
sources when it is determined that the moving object is in the specific driving state that satisfies the preset condition for 
requiring a high torque. 

[0085] This arrangement enables the combined use of the two power sources, so as to output an extremely high 
torque. 

55 [0086] A variety of settings are also applicable for the preset condition. 

[0087] In one exemplified structure, the moving object further includes an accelerator travel measurement unit that 
measures an accelerator travel. In this structure, the preset condition is that a variation in accelerator travel is not less 
than a predetermined value. 
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[0088] In this structure, when the driver abruptly steps on an accelerator pedaJ for abrupt acceleration, it is deter- 
mined that a high torque is required. 

[0089] In another exemplified structure, the moving object further includes a required torque input unit that inputs a 
required torque. In this structure, the preset condition is that the required torque is not less than a predetermined value. 
5 [0090] The required torque may be input directly or set based on the accelerator travel and the vehicle speed. In 
this structure, when the step on amount of the accelerator pedal has a large absolute value, for example, in the case of 
a drive on an upward slope, it is determined that a high torque is required. 

[0091] In still another exemplified structure, the moving object further includes a drive mode switch that allows a 
driver of the moving object to select a specific drive mode for requiring a high torque, and the high torque condition deci- 
10 sion unit carries out the determination, based on an operating condition of the drive mode switch. 

[0092] This arrangement enables output of a high torque according to an operation of the driver, thereby improving 
the facility of the moving object 

[0093] The drive mode switch may be a special switch exclusively used for the selection of the drive mode or alter- 
' natively a combination switch having other functions as well as the selection of the drive mode. In one typical structure, 

is the power of the heat engine and the motor is output via an automatic transmission. The automatic transmission varies 
a change gear ratio according to a predetermined map, based on the vehicle speed or another parameter. In the moving 
object of this structure, the switch used for selecting a change speed mode of the automatic transmission may also be 
used as the switch for selecting the drive mode. For example, when a specific change speed mode, which uses a speed 
having a greater change gear ratio than the expected change gear ratio from the vehicle speed, is selected through an 

20 operation of the switch, it may be determined that a high torque is required. In another example, when the automatic 
change speed mode is cancelled and a manual change speed mode is set, it may be determined that a high torque is 
required. 

[0094] A variety of settings are applicable for the proper selection of the electric power supplies to drive the motor 
when a high torque is required. 

25 [0095] In accordance with one preferable application, the second moving object further includes a remaining 
charge measurement unit that measures a remaining charge of the secondary battery, wherein the control unit drives 
the motor with the secondary battery as a working electric power supply in the case where the observed remaining 
charge is not less than a predetermined level. 

[0096] In this application, it is further preferable that the control unit drives the motor with the fuel cell as the working 

30 electric power supply in the case where the observed remaining charge is less than the predetermined level. 

[0097] Namely it is desirable to use the secondary battery preferentially over the fuel cells. As discussed above, this 
arrangement ensures a selective use of the two electric power supplies by taking the respective advantages of the fuel 
cells and the secondary battery. An adequate value may be set to the predetermined level according to the remaining 
charge of the secondary battery or another parameter as described previously. 

35 [0098] In accordance with one preferable application of the present invention, the second moving object further 
includes: a second motor that is driven with the fuel cell and the secondary battery as the electric power supplies; a reg- 
ulation unit that regulates supplies of electric power respectively fed from the fuel cell and the secondary battery to the 
second motor; and auxiliary machinery that is linked with the heat engine and the second motor, wherein the control 
unit drives the second motor while the heat engine is at a stop. 

40 [0099]. The auxiliary machinery here includes a variety of devices and apparatuses that do not directly participate 
in output of the power for a drive but are required to be driven during a drive of the moving object, for example, an air 
conditioner and a power steering. The auxiliary machinery is generally required to be driven irrespective of the type of 
the working power source currently used for a drive. The second moving object of the above structure has the second 
motor in addition to the heat engine as the power source that can drive the auxiliary machinery. While the heat engine 

45 is at a stop, the auxiliary machinery is driven with the second motor. This arrangement enables the moving object to be 
smoothly driven. 

[0100] A variety of settings are applicable for the proper selection of the electric power supplies of the second motor 
to drive the auxiliary machinery. 

[0101] In accordance with one preferable application, the second moving object further includes a remaining 
so charge measurement unit that measures a remaining charge of the secondary battery, wherein the control unit drives 
the second motor with the secondary battery as a working electric power supply in the case where the observed 
remaining charge is not less than a predetermined level. 

[0102] In this application, it is further preferable that the control unit drives the second motor with the fuel cell as the 
working electric power supply in the case where the observed remaining charge is less than the predetermined level. 
55 [0103] Namely it is desirable to use the secondary battery preferentially over the fuel cells. As discussed above, this 
- arrangement ensures a selective use of the two electric power supplies by taking the respective advantages of the fuel 
cells and the secondary battery. An adequate value may be set to the predetermined level according to the remaining 
charge of the secondary battery or another parameter as described previously. 
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[0104] In the second moving object of the present invention, the power of the motor and the heat engine may be 
output to a common drive shaft, or may alternatively be output to different drive shafts. In the case where the moving 
object Is a vehicle, the linkage of the motor and the heat engine with different drive shafts actualizes a four-wheel drive 
vehicle. In this case, the motor may further be connected to the drive shaft, with which the heat engine is linked. 
5 [0105] In the structure of four-wheel drive, a variety of settings are applicable for the proper selection of the electric 
power supplies to drive the motor. 

[0106] In accordance with one preferable application, the second moving object further includes a remaining 
charge measurement unit that measures a remaining charge of the secondary battery, wherein the control unit drives 
the motor with the secondary battery as a working electric power supply in the case where the observed remaining 
10 charge is not less than a predetermined level. 

[0107] It is further preferable that the control unit drives the motor with the fuel cell as the working electric power 
supply in the case where the observed remaining charge is less than the predetermined level. 

[0108] Namely it Is desirable to use the secondary battery preferentially over the fuel cells. As discussed above, this 
arrangement ensures a selective use of the two electric power supplies by taking the respective advantages of the fuel 
is cells and the secondary battery. An adequate value may be set to the predate rmined level according to the remaining 
charge of the secondary battery or another parameter as described previously. 

[0109] The variety of control procedures described above ensure the proper use of the fuel cells and the secondary 
battery. For example, the fuel cells are driven when the secondary battery has a relatively low remaining charge. The 
fuel cells generally have a time lag between the activation of the fuel cells and the actual output of a desired electric 
20 power. It is accordingly preferable that the second moving object of the present invention has a compensation unit that 
compensates for the time lag. 

[0110] For the purpose of compensation, the secondary battery may be used to supplement the electric power 
before the fuel cells are ready for output of a sufficient electric power as discussed previously. 

[0111] In accordance with another possible application for the purpose of compensation, the control unit activates 
25 the fuel cell, so as to cause the fuel cell to output a preset electric power, even when it is not required to supply electric 
power from the fuel cell to the motor. 

[0112] This control operation may, however, lead to waste of the fuel for the fuel ceils. 

[0113] It is accordingly preferable that the second moving object further includes a power estimation decision unit 
that determines whether or not the moving object is in a specific driving state that satisfies a preset condition, in which 
ao there is a little possibility of requirement of an increase in total power to be output from the power sources. The control 
unit reduces the preset electric power when it is determined that the moving object is in the specific driving state that 
satisfies the preset condition. 

[0114] The time lag of the fuel cells has significant effects when it is required to drive the motor with the electric 
power output from the fuel cells. When the moving object Is in a specific driving state that does not require output of the 

35 power, for example, when the moving object is at a stop or being braked, it is not highly required to quickly drive the 
motor. Namely there is a relatively little possibility of issuing a requirement of power generation to the fuel ceils. When 
it is determined that there is a little possibility of issuing a requirement of power generation to the fuel ceils, the second 
moving object of this application reduces the electric power output from the fuel cells. This effectively prevents the fuel 
for the fuel cells from being wasted. One embodiment of the reducing the electric power fully stops the operation of the 

40 fuel cells. 

[0115] A variety of settings are applicable for the preset condition, in which there is a little possibility of issuing a 
requirement of power generation. 

[0116] In accordance with one preferable embodiment, the second moving object further includes: a transmission 
that changes speed of power output from a working power source according to the driving state of the moving object 
45 and outputs the converted power to a drive shaft; and an operation unit that specifies a working condition of the trans- 
mission. In this embodiment, the preset condition is that the working condition of the transmission is set to a non'driving 
state by the operation unit. 

[0117] A neutral mode in which no power transmission is carried out or a specific mode that is used when the mov- 
ing object is at a stop corresponds to the no n -driving state of the transmission. 
so [0118] In accordance with another preferable embodiment, the second moving object further includes a braking 
decision unit that determines whether or not the moving object is in the course of braking. In this embodiment, the pre- 
set condition is that the moving object is being braked. 

[0119] The determination for the braking may be performed, based on a variation in vehicle speed, a step-on con- 
dition of the brake pedal, or a set of the accelerator pedal to the full-close state. 
55 [0120] In accordance with still another preferable embodiment, the second moving object further includes an infor- 
mation receiving unit that receives information regarding whether or not a pathway, on which the moving object runs, is 
in a jam.. In this embodiment, the preset condition is that the pathway is in a jam. 
[0121] A variety of other settings may also be applied for the preset condition. 
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[0122] As described previously, one preferable application of the present invention is a moving object that properly 
uses two different electric power supplies, that Is, fuel cells and a secondary battery, and two different power sources, 
that Is, a motor and a heat engine. The principle of the present invention Is, however, not restricted to this application. 
The principle of the present invention may also be applied to a moving object that adequately controls the power source 
5 with using only the fuel cells as the electric power source. 

[0123] The present invention is accordingly directed to a third moving object having a motor and a heat engine as 
power sources to output power to a drive shaft. The third moving object includes: a transmission that varies a change 
gear ratio in the process of transmitting power output from at least the heat engine to the drive shaft; a fuel cell that 
feeds a supply of electric power to the motor; and a control unit that controls operations of the fuel cell, the power- 
to sources, and the transmission according to a driving state of the moving object 

[0124] The third moving object of the present invention has two power sources and one electric power supply, and 
includes a transmission that varies a change gear ratio in the process of transmitting power output from the power 
source. The third moving object properly uses the motor and the heat engine, while controlling the transmission. This 
actualizes a favorable control operation that takes the respective advantages of the motor and the heat engine. Among 
is the variety of applications discussed above with regard to the second moving object of the present invention, the 
arrangements involved in the proper use of the power sources and the control of the driving state of the fuel cells are 
also applicable to the third moving object. The following describes some preferable arrangements applied for the control 
operation. 

[0125] In accordance with one preferable application, the third moving object further includes a high torque condi- 
20 tion decision unit that determines whether or not the moving object is in a specific driving state that satisfies a preset 
condition for requiring a high torque. In this application, the control unit drives both the heat engine and the motor as 
working power sources when rt is determined that the moving object is in the specific driving state that satisfies the pre- 
set condition for requiring a high torque. 

[0126] In accordance with another preferable application, the third moving object further includes a drive mode 
25 switch that allows a driver of the moving object to select a specific drive mode for requiring a high torque. In this appli- 
cation, the control unit drives both the heat engine and the motor as working power sources when the drive mode switch 
is in a predetermined state. 

[0127] In accordance with still another preferable application, the control unit activates the fuel cell, so as to cause 
the fuel cell to output a preset electric power, even when it is not required to supply electric power from the fuel cell to 
30 the motor. 

[0128] In the above application, it is preferable that the third moving object further includes a power estimation deci- 
sion unit that determines whether or not the moving object is in a specific driving state that satisfies a preset condition, 
in which there is a little possibility of requirement of an increase in total power to be output from the power sources. The 
control unit reduces the preset electric power when it is determined that the moving object is in the specific driving state 
35 that satisfies the preset condition. 

[0129] A variety of settings are applicable for the preset condition. 
[0130] For example, when the third moving object further includes 

an operation unit that specifies a working condition of the transmission, the preset condition is that the working con- 
40 d'rtion of the transmission is set to a non-driving state by the operation unit. 

[0131] In another example, when the third moving object further includes a braking decision unit that determines 
whether or not the moving object is in the course of braking, the preset condition is that the moving object is being 
braked. 

45 [0132] In still another example, when the third moving object further includes an information receiving unit that 
receives information regarding whether or not a pathway, on which the moving object runs, is in a jam, the preset con- 
dition is that the pathway is in a jam. 

[0133] Like the second moving object of the present invention discussed above, these applications ensure the 
proper use of the power sources and the adequate control of the driving state of the fuel cells. 
so [01 34] In the moving object having the two electric power supplies, that is, the fuel cells and the secondary battery, 
and the two power sources, that is, the motor and the heat engine, the heat engine may be utilized as the power source 
to generate electric power as discussed below. 

[0135] The present invention is accordingly directed to a fourth moving object that further includes a generator that 
is used as another electric power supply of the motor and converts power output from the heat engine to electric power, 
55 in addition to the basic constituents of the second moving object. In the fourth moving object, the control unit has: a driv- 
ing state decision unit that determines whether or not the moving object is in a specific driving state that requires the 
fuel cell to start power generation; and an electric power compensation unit that causes the electric power supplies 
other than the fuel cell to compensate for the fuel cell and output a required electric power in a period before the fuel 
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cell is ready for power generation, when it is determined that the driving state of the moving object requires the fuel cell 
to start power generation. The electric power compensation unit includes: an electric power estimation unit that esti- 
mates an amount of electric power to be compensated In the period before the fuel cell Is ready for power generation; 
a remaining charge measurement unit that measures a remaining charge of the secondary battery; a secondary battery 

5 capacity determination unit that determines whether or not the secondary battery has a sufficient capacity of enabling 
output of the estimated amount of electric power, based on the observed remaining charge; and a heat engine control 
unit that drives the heat engine and causes the generator to carry out power generation when it is determined that the 
secondary battery does not have the sufficient capacity of enabling output of the estimated amount of electric power. 
[0136] As described previously, the fuel cells often have a time lag between the issuance of a requirement of power 

10 generation and the actual supply of sufficient electric power. The arrangement of the fourth moving object properly uses 
the secondary battery and the generator linked with the heat engine, so as to enable the required electric power to be 
output in a stable manner. In this case, the electric power of the secondary battery is used preferentially over the gen- 
erator. Namely the control procedure drives the heat engine only when the secondary battery does not have sufficient 
electric power. The fourth moving object of this arrangement accordingly has the improved fuel consumption and envi- 

15 ronmental properties. 

[0137] In the fourth moving object that utilizes the power of the heat engine for generation of electric power, a vari- 
ety of structures may be applicable for the combined use of the power of the heat engine for both a drive and power 
generation. It is, however, preferable that the heat engine outputs power only to drive the generator. In this application, 
the heat engine is regarded as an auxiliary power source used before the fuel cells are ready for power generation. This 
20 effectively reduces the required capacity of the heat engine, thereby reducing the size of the whole power system and 
improving the fuel consumption and the environmental properties. 

[0138] The delayed response of the fuel cells for the actual power generation may be compensated with the sec- 
ondary battery and the generator. 

[0139] In accordance with one preferable application, the fourth moving object further includes: a temperature 
25 measurement unit that measures temperature of the fuel cell; and a cold-time control unit that causes the electric power 
compensation unit to function effectively at a cold time, when the observed temperature of the fuel cell is not higher than 
a predetermined value. 

[0140] The delayed response of the fuel cells is especially significant at the cold time. This arrangement thus desir- 
ably cancels the effects due to the delayed response. In this case, it is preferable that the control procedure issues a 

30 requirement of power generation to the fuel cells, while the secondary battery has a sufficient level of electric power that 
can compensate for the delayed response of the fuel cells at an ordinary time except the cold time. This arrangement 
causes only the secondary battery to be used to compensate for the delayed response at the ordinary time, whereas 
causing both the secondary battery and the generator to be used to compensate for the delayed response at the cold 
time. If the control procedure issues a requirement of power generation to the fuel cells only when the secondary bat- 

35 tery has a charge level that can compensate for the delayed response at any time including the cold time, the secondary 
battery should have an extremely high level of remaining charge, which is used as the criterion to determine the issu- 
ance of the requirement of power generation. This does not allow the effective use of the secondary battery. The control 
procedure applied in this arrangement, on the other hand, uses both the secondary battery and the generator at the 
cold time when an especially long time is required before the fuel cells are ready for power generation. This favorably 

AO lowers the required level of remaining charge used as the criterion of the issuance and thereby allows the effective use 
of the secondary battery. 

[0141] in the case where the delayed response of the fuel cells is compensated with the electric power converted 
from the power of the heat engine, the heat engine should be driven to an extent that at least compensates for an insuf- 
ficiency of electric power output from the secondary battery. It is, however, preferable that the heat engine is driven in a 

45 specific driving state, which gives a preference to a driving efficiency, from the viewpoints of the improved fuel consump- 
tion and environmental properties. Setting the driving state with the preference to the driving efficiency may result in 
outputting a greater amount of power that exceeds a required amount to compensate for the insufficient electric power 
of the secondary battery. In this case, the excess electric power is accumulated in the secondary battery. When the 
charging of the secondary battery causes the remaining charge of the secondary battery to rise to a level that can com- 

50 pensate for the delayed response of the fuel cells, the preferable control procedure stops operation of the heat engine 
at that time. 

[0142] The present invention is further directed to a hybrid system having a plurality of energy output sources, 
which include at least a fuel cell and a heat engine, and an energy transmission unit that causes energy of the energy 
output sources to be output to outside in a usable form. The hybrid system further includes: a required energy setting 
55 unit that sets a total required energy to be output; a target driving state setting unit that sets respective target driving 
states of the fuel cell, the heat engine, and the energy transmission unit, while the fuel cell is preferentially used to out- 
put the total required energy; a decision unit that determines whether or not a preset condition regarding a working state 
of the hybrid system is fulfilled; a state change unit that, when it is determined that the preset condition is fulfilled, 
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changes the target driving state of at least one of the fuel ceil, the heat engine, and the energy transmission unit to a 
predetermined state according to the preset condition; and a drive control unit that controls the plurality of energy output 
sources Including at least the fuel cell and the heat engine as well as the energy transmission unit to meet the respec- 
tive target driving states. 

5 [0143] The hybrid system of the present invention has the fuel cells and the heat engine as the energy output 
sources. The energy output source outputs energy in a variety of forms including mechanical energy and electrical 
energy. The fuel cells correspond to the energy output source that outputs electrical energy whereas the heat engine 
corresponds to the energy output source that outputs mechanical energy. The energy transmission unit included in the 
hybrid system should be adaptable to the form of energy output from each energy output source and the form of energy 

10 supplied to the outside. A conductive line and a receptacle are examples of the means that transmits and outputs elec- 
trical energy. A transmission mechanism, such as a gear, and a drive shaft are examples of the means that transmits 
and outputs mechanical energy. The energy transmission unit also includes a device that converts the form of energy 
output from each energy output source. In the case where only the mechanical energy is to be supplied to the outside, 
the energy transmission unit includes a motor that converts electrical energy output from the energy output source into 

is mechanical energy. In the case where only the electrical energy is to be supplied to the outside, on the other hand, the 
energy transmission unit includes a generator that generates electricity with the mechanical energy output from the 
energy output source. 

[0144] The hybrid system of the present invention gives the preference to the fuel cells in the ordinary working 
state. The expression of 'giving the preference to the fuel cells' here means that the fuel cells are used preferentially 

20 over the heat engine when the working energy output source used to output the required total energy is selectable 
between the fuel cells and the heat engine. For example, when the use of either one of the fuel cells and the heat engine 
is sufficient for the energy output, the fuel cells should be used preferentially. In this case, the heat engine is used when 
the fuel cells can not output a sufficient quantity of energy. The expression of 'giving the preference to the fuel cells' also 
means that the fuel cells have a higher ratio of energy output than that of the other energy output source. The fuel cells 

25 generate electric power at a high efficiency and have excellent environmental properties without any harmful emission. 
The hybrid system of the present invention uses the fuel cells preferentially over the heat engine, so as to improve the 
working efficiency and the environmental properties. The term 'working' is not restricted to the state of a movement of 
the hybrid system, for example, a drive or a flight, but also includes the state of outputting some energy in a usable form 
from the hybrid system that is even at a stop. 

30 [0145] As described above, in the hybrid system of the present invention, the fuel cells are basically used in a pref- 
erential manner. When the preset condition is fulfilled, however, the state change unit changes the driving state of at 
least one of the respective constituents, that is, the energy output sources and the energy transmission unit The 
changed driving state is determined according to the preset condition. The preset condition regards the working state 
of the hybrid system. For example, when a specific drive mode is selected or when a constituent of the hybrid system 

35 is in a specific driving state, it is determined that the preset condition is fulfilled. The preferential use of the fuel cells 
basically attains an operation of the hybrid system having the excellent working efficiency and favorable environmental 
properties. In part of various working conditions, however, such selective use of the energy output sources may be 
unsuitable. For example, in some cases, the operation of the fuel cells is not desirable even if the working efficiency and 
the environmental properties are sacrificed. In other cases, the use of the fuel cells does not sufficiently improve the 

40 driving efficiency. The hybrid system of the present invention changes the driving state of each constituent under the 
preset condition, so as to attain the most suitable operation of the constituent. 

[0146] The following describes the significance of the control carried out in the hybrid system of the present inven- 
tion. The secondary battery can recover the energy level by charging even during a run of the hybrid system. The fuel 
cells are, on the other hand, the energy output source of irreversible characteristics and can not recover the energy 

45 Level unless the FC fuel (the fuel for the fuel cells) is externally supplied once the FC fuel has been used up. Because 
of such characteristics of the fuel cells, there is accordingly no guarantee that the preferential use of the fuel cells 
improves the working efficiency and the environmental properties of the hybrid system. The quick consumption of the 
FC fuel causes the energy output source of a relatively low efficiency, such as the heat engine, to be forcibly used for 
the subsequent operation. This may lower the mean driving efficiency. 

so [0147] The inventors of the present invention have studied a variety of working conditions of the hybrid system with 
the plurality of energy output sources including the fuel cells and the heat engine, as well as the frequencies of the 
respective working conditions. There are a number of optional states in the use of the energy output sources, for exam- 
ple, the state of preferentially using the fuel cells', the state of minimizing the use of the fuel cells in order to save the 
FC fuel', and the state of equally using the fuel cells and the heat engine 1 . Based on the results of the study, the inven- 

55 tors have found that the state of preferentially using the fuel cells well contributes to the improvement in driving effi- 
ciency and environmental properties and completed the invention. The inventors have also found that under a specific 
condition, a change of the target driving state of each constituent to a predetermined state corresponding to the specific 
condition enables the adequate operation of the hybrid system. The control carried out in the hybrid system of the 
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present invention attains a desired operation by taking into account the characteristics of the fuel cells and the fre- 
quency of use of the fuel cells in the hybrid system. 

[0146] In the hybrid system, the operation of each constituent is generally controlled by taking into account the 
energy per unit time. The term 'energy* used in the description hereof means the energy per unit time, unless otherwise 
5 specified. In the description hereof, the term 'energy 1 is synonymous, in principle, with the terms 'power 1 and 'electric 
power 1 . 

[0149] In the hybrid system of the present invention, a variety of settings are applicable for the preset condition and 
the change of the target driving state of each constituent corresponding to the preset condition. 

[0150] In accordance with one preferable embodiment, the hybrid system further includes a drive mode switch that 
10 is operated by a driver to specify a desired drive mode. In this embodiment, the preset condition, whose fulfillment is 
determined by the decision unit, is an operating state of the drive mode switch. 

[0151] This arrangement enables the driver to arbitrarily set the driving state of each constituent, such as the fuel 
cells or the heat engine, by a simple operation of the drive mode switch. This improves the facility of the hybrid system. 
[0152] In one embodiment of the hybrid system that enables specification of the desired drive mode through oper- 

15 ation of the drive mode switch, the energy is electrical energy, and the preset condition is that a predetermined drive 
mode, which allows output of electrical energy to outside, is specified through an operation of the drive mode switch. 
The change carried out by the state change unit represents prohibition of a drive of the heat engine. 
[0153] The hybrid system of this arrangement enables electrical energy to be supplied to the outside. The hybrid 
system of this arrangement includes a generator that converts the mechanical energy of the heat engine into electrical 

20 energy and a receptacle that causes the electrical energy output from the heat engine and the fuel cells to be supplied 
to the outside, as the energy transmission unit. The receptacle enables the use of various electric appliances in the 
field, for example, at a destination of the hybrid system. This improves the facility of the hybrid system. 
[0154] The hybrid system of the present invention preferentially uses the fuel cells in the ordinary drive mode and 
drives the heat engine when the output of the fuel cells does not meet the required level. In the hybrid system of the 

25 above structure, the drive of the heat engine is forbidden in the predetermined drive mode that allows a supply of elec- 
tric power, for example, through the receptacle. In many cases, the use of the electric power in the field is a requirement 
of low priority. The continuous allowance of the operation of the heat engine under such conditions causes the heat 
engine to be activated at the time of supply of electric power. This undesirably damages the driving efficiency and the 
environmental properties of the hybrid system. The heat engine generally has a large working noise and may impair the 

30 quietness in the field. The hybrid system of the above arrangement forbids the operation of the heat engine in. the pre- 
determined drive mode that allows the external use of electrical energy, so as to avoid these potential problems. 
[0155] In the application that forbids operation of the heat engine, it is preferable that the hybrid system further 
includes a starter switch that is operated by the driver to direct a start of the heat engine. The preset condition is that 
the start of the heat engine is directed through an operation of the starter switch, while the predetermined drive mode 

35 is specified, and the change carried out by the state change unit represents the start of the heat engine. 

[0156] When it is highly required to supply electric power in the field, this arrangement enables the driver to inten- 
tionally start the heat engine through operation of the starter switch, so as to ensure a further supply of electric power. 
This improves the facility of the hybrid system; The description above regards only the operations of the fuel cells and 
the heat engine, but this does not mean to exclude the hybrid system having other energy output sources. 

40 [0157] In another embodiment of the hybrid system that enables specification of the desired drive mode through 
operation of the drive mode switch, the energy is mechanical energy and the preset condition is that a predetermined 
drive mode, in which either one of the fuel ceil and the heat engine is selected and used as a working energy output 
source, is specified through an operation of the drive mode switch. The change carried out by the state change unit rep- 
resents execution of a drive of the working energy output source and prohibition of a drive of the other energy output 

45 source, which is other than the working energy output source. 

[0158] The hybrid system of this arrangement enables mechanical energy to be supplied to the outside. The hybrid 
system of this arrangement includes a motor that converts the electrical energy of the fuel cells into mechanical energy 
and a drive shaft that causes the mechanical energy output from the heat engine and the fuel cells to be supplied to the 
outside, as the energy transmission unit. Application of the output power for a drive enables the hybrid system to be 

so driven with either one of the fuel cells and the heat engine. 

[0159] The hybrid system of the present invention preferentially uses the fuel cells in the ordinary drive mode and 
drives the heat engine when the output of the fuel cells does not meet the required level. The hybrid system of the above 
structure enables the driver to arbitrarily select a desired power source. For example, when it is required to use the elec- 
tric power output from the fuel cells in the field, the driver selects the drive mode that uses the heat engine. Such selec- 

55 tion desirably reduces the consumption of the FC fuel before the hybrid system arrives at the field. This ensures the 
effective use of the fuel cells in the field. In another example, the energy output sources are selectively used according 
to the requirement with regard to the response of the hybrid system. The fuel cells generally have a poor output 
response. Selection of the drive mode using the heat engine enables a drive of the hybrid system with a good response. 
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In still another example, the energy output sources are selectively used according to the requirement of noise reduction. 
The heat engine generally has a large working noise. When noise reduction Is highly required, for example, during a 
drive at midnight selection of the drive mode using the fuel cells ensures a drive In stillness. The arrangement of ena- 
bling the driver to arbitrarily select the desired power source improves the facility of the hybrid system. 
5 [0160] In the application that forbids operation of the other energy output source, the hybrid system further includes 
a starter switch that is operated by the driver to direct a start of the other energy output source. The preset condition is 
that the start of the other energy output source is directed through an operation of the starter switch, while the prede- 
termined drive mode is specified, and the change carried out by the state change unit represents the start of the other 
energy output source. 

10 [0161] This arrangement enables the other energy output source to be activated according to the requirements. 
The operation of the energy output sources according to the requirement of power output desirably improves the facility 
of the hybrid system. The description above regards only the operations of the fuel cells and the heat engine, but this 
does not mean to exclude the hybrid system including other energy output sources. 

[0162] In still another embodiment of the hybrid system that enables specification of the desired drive mode through 
75 operation of the drive mode switch, the energy is mechanical energy, and the preset condition is that a predetermined 
drive mode, in which only the fuel cell is selected and used as a working energy output source, is specified through an 
operation of the drive mode switch. The change carried out by the state change unit represents execution of a drive of 
the fuel cell and prohibition of warm-up of the heat engine. 

[0163] The structure of enabling the driver to select the working energy output source through the operation of the 
20 drive mode switch has the advantages discussed previously. In this embodiment, when the predetermined drive mode, 
in which only the fuel cells are used as the working energy output source, is selected, the control procedure forbids not 
only a drive but even warm-up or preparation for a drive of the heat engine. The prohibition of even the warm-up of the 
heat engine further improves the fuel consumption and the environmental properties of the hybrid system. 
[0164] The prohibition of the warm-up of the heat engine naturally leads to a little response delay when the energy 
25 output from the heat engine is required. The driver, however, intentionally selects the drive mode, in which only the fuel 
cells are used as the working energy output source, so that the response delay does not have significant effects on the 
good drive feeling of the driver. The drive mode is generally set to prevent a significant variation in drive feeling. The 
arrangement of this embodiment, on the other hand, enables the driver to intentionally select the desired drive mode 
with the comprehension of the characteristics thereof. The drive mode is set free from the restriction of substantially 
so constant drive feeling but by placing the importance specifically on the improvement in fuel consumption and environ- 
mental properties. 

[0165] Such control operation is on the premise that the fuel cells are in a workable state. Even when the predeter- 
mined drive mode, in which only the fuel cells are used as the working energy output source, is selected, if the fuel cells 
are not in the workable state, the drive of the heat engine should be allowed automatically or manually. 

35 [0166] In accordance with another preferable embodiment that varies the settings for the preset condition and the 
change of the target driving state of each constituent corresponding to the preset condition, the hybrid system further 
includes a detector that detects a power generation capacity of the fuel cell. In this embodiment, the preset condition is 
that the power generation capacity is lowered to or below a predetermined level, and the change earned out by the state 
change unit represents a reduction of output of the fuel cell. 

40 [0167] In this embodiment, the power generation capacity may be observed with a variety of parameters. 

[0168] For example, the detector detects the power generation capacity, based on a remaining quantity of a fuel for 
the fuel cell. 

[0169] In another example, the detector detects the power generation capacity, based on temperature of the fuel 
cell. 

45 [0170] . In the case where the power generation capacity is detected according to the remaining quantity of the FC 
fuel, a decrease in remaining quantity of the FC fuel leads to a decrease in power generation capacity. In the case of 
the decrease in remaining quantity of the FC fuel, the hybrid system of the above arrangement reduces the output of 
the fuel cells, thereby preventing the FC fuel from being excessively consumed. As mentioned previously, the fuel cells 
are the irreversible energy output source and are not usable once the FC fuel has been used up. The hybrid system of 

so the above arrangement reduces the consumption of the FC fuel and thereby enables the fuel cells to be kept in the 
workable state over a long time period. The fuel cells can thus be driven in a driving state of higher effectiveness. 
[0171] In the case where the power generation capacity is detected according to the temperature of the fuel cells, 
the power generation capacity decreases when the temperature of the fuel cells rises to an abnormally high level or 
when the fuel cells are not sufficiently warmed up to a certain temperature level to be ready for power generation. The 

55 requirement of the high power output from the fuel cells under such conditions may significantly shorten the life of the 
fuel cells or cause other damages on the fuel cells. The arrangement of the above embodiment reduces the output of 
the fuel cells, thereby avoiding such potential damages. 

[0172] In the hybrid system that reduces the output of the fuel cell according to the observed power generation 
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capacity, the change carried out by the state change unit may represent an increase in output of the heat engine. 
[0173] This application compensates for the effects due to the lowered output of the fuel cells and enables the out- 
put of the required total energy. 

[0174] In accordance with another application of the hybrid system that reduces the output of the fuel cell according 

5 to the observed power generation capacity, the energy is rotational energy of a rotating shaft, and the energy transmis- 
sion unit has a speed change gear unit that switches a change gear ratio between at least two different stages. The 
speed change gear unit changes the speed of the rotational energy output from each of the energy output sources at a 
preset change gear ratio and outputs the converted rotational energy. In this application, the change carried out by the 
state change unit represents an increase in change gear ratio set in the speed change gear unit 

io [0175] In the case of the rotational energy, the lowered output of the fuel cells may cause a significant decrease in 
output torque. This arrangement sets the greater change gear ratio, so as to control the decrease in output torque. 
[0176] In accordance with still another preferable embodiment that varies the settings for the preset condition and 
the change of the target driving state of each constituent corresponding to the preset condition, the hybrid system fur- 
ther includes a temperature measurement unit that measures temperature of the heat engine. In this embodiment, the 

is preset condition is that the observed temperature of the heat engine is not higher than a predetermined level, and the 
change carried out by the state change unit represents execution of warm-up of the heat engine. 
[0177] The sufficient warm-up is desired for the improved driving efficiency and the better exhaust emission control 
of the heat engine. In the hybrid system of the present invention, while the fuel cells are used as the working energy 
output source, the temperature of the heat engine might be lowered. The hybrid system of this embodiment warms up 

20 the heat engine against the temperature decrease thereof. This improves the driving efficiency and the exhaust emis- 
sion control properties of the heat engine when the power output from the heat engine is required. An additional condi- 
tion may be set for the execution of the warm-up of the heat engine. This modified control procedure warms the heat 
engine up only when it is determined that there is a good possibility of requirement of the power output from the heat 
engine. This effectively saves the fuel required for the warm-up operation and further improves the driving efficiency of 

25 the heat engine. 

[0178] In accordance with another preferable embodiment that varies the settings for the preset condition and the 
change of the target driving state of each constituent corresponding to the preset condition, the hybrid system further 
includes: a temperature measurement unit that measures temperature of the heat engine; and a heat supply unit that 
feeds at least part of thermal energy generated by the fuel cell to the heat engine. In this embodiment, the preset con- 
st? dition is that the observed temperature of the heat engine is not higher than a predetermined level, and the change car- 
ried out by the state change unit represents an increase in output of the fuel cell. 

[0179] The heat supply unit may have any arbitrary structure. For example, a common cooling mechanism of the 
fuel cells and the heat engine may be utilized as the heat supply unit. 

[0180] The hybrid system of this embodiment implements the warm-up of the heat engine by utilizing the heat gen- 
35 erated by the fuel cells. This arrangement does not independently warm the heat engine up and thereby saves the fuel 
required for the warm-up operation. In this arrangement, the heat engine may also be warmed up only when it is deter- 
mined that there is a good possibility of requirement of the power output from the heat engine. This modified control 
procedure further improves the driving efficiency of the heat engine. 

[0181] The present invention is further directed to another hybrid system having a plurality of energy output 

40 sources, which include at least a fuel cell and a heat engine, and an energy transmission unit that causes energy of the 
energy output sources to be output to outside in a usable form. The hybrid system further includes: an energy output 
source selection switch that is operated by a driver of the hybrid system to select at least one of the energy output 
sources as a working energy output source; a target driving state setting unit that sets respective target driving states 
of the fuel cell, the heat engine, and the energy transmission unit according to the selection with the energy output 

45 source selection switch; and a drive control unit that controls the plurality of energy output sources including the fuel 
cell and the heat engine as well as the energy transmission unit to the respective target driving states. 
[0182] In this hybrid system, the target driving state setting unit may set the target driving state of the heat engine 
to a specific condition that forbids not only a drive but warm" up of the heat engine, when only the fuel cell is selected as 
the working energy output source through operation of the energy output source selection switch. 

so [0183] The operation of the energy output source selection switch enables the driver to freely select the working 
energy output source. For example, when the hybrid system has the fuel cells and the heat engine as the available 
energy output sources, there are three optional modes: that is, the mode of using only the fuel cells, the mode of using 
only the heat engine, and the mode of using the both. The hybrid system of the above arrangement enables the driver 
to freely select a desired mode among these three optional modes. The selective use of the working energy output 

55 source improves the facility of the hybrid system. The favorable control procedure forbids not only a drive but even 
warm-up of the heat engine when only the fuel cells are selected as the working energy output source. This further 
improves the fuel consumption and the environmental properties of the hybrid system as discussed previously. 
[0184] The hybrid systems of the various applications discussed above are not restricted to have only the fuel cells 
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and the heat engine. 

[0185] In accordance with another preferable structure, the hybrid system further includes an accumulator as a 
reversible energy output source. In this case, the target driving state setting unit sets the respective target driving states 
by taking into account electrical energy input into and output from the accumulator. 

5 [0186] The accumulator is a reversible energy output source that recovers its energy level by charging in the course 
of a drive of the hybrid system. A secondary battery and a capacitor are typical examples of the accumulator. This 
hybrid system has the highly efficient but irreversible fuel ceils and the reversible accumulator as the available energy 
output sources that output electrical energy. The combination of the energy output sources having different character- 
istics desirably improves the working efficiency, the environmental properties, and the facility of the hybrid system by 

10 taking the advantages of the respective energy output sources. In the hybrid system of the above application, the accu- 
mulator may be used preferentially over the fuel cells or alternatively the fuel cells may be used preferentially over the 
accumulator The priority may be set according to the respective rated outputs of the fuel cells and the accumulator and 
the capacity of the accumulator. 

[0187] The principle of the present invention is applicable to a diversity of immobilized systems, such as plants and 
15 industrial machines, as well as to moving objects. The term 'moving object 1 'used in the description hereof includes a 
diversity of moving objects that move with the power, for example, vehicles, ships and vessels, aircraft, airships, and 
other flying objects. The purpose of the moving object is not restricted to the transportation of people or things nor to 
the boarding. 

[0188] The present invention is further directed to still another hybrid system having a plurality of energy output 
20 sources, which include at least a fuel cell and a heat engine, and an energy transmission unit that causes energy of the 
energy output sources to be output to outside in a usable form. The hybrid system further includes a control unit that 
controls operations of the fuel cell and the heat engine, in order to cause the fuel cell to be used and output energy pref- 
erentially, while both the fuel cell and the heat engine are ready for energy output. 

[0189] This hybrid system preferentially uses the fuel cells over the heat engine, thus significantly improving the 
25 working efficiency and the environmental properties like the hybrid systems of various applications described previ- 
ously. The variety of arrangements discussed above with regard to the other hybrid systems may also be applied for this 
hybrid system. 

[0190] The technique of the present invention may be actualized by a hybrid moving object. 

[0191] The present invention is thus directed to a first hybrid moving object having a plurality of energy output 
30 sources, which include at least a fuel cell and a heat engine, and an energy transmission unit that causes energy of the 
energy output sources to be output to outside in a usable form. The first hybrid moving object further includes: a dete- 
rioration detector that detects deterioration of at least either one of the fuel cell and the heat engine; and a deterioration- 
time control unit that, when deterioration is detected with regard to one of the fuel cell and the heat engine, controls the 
other of the fuel cell and the heat engine to compensate for an effect on energy output due to the deterioration. 
35 [0192] The present invention is also directed to a second hybrid moving object having a plurality of power output 
sources, which include at least a fuel cell and a heat engine, and a transmission mechanism that transmits power output 
from the power output sources to a drive shaft via a transmission. The second hybrid moving object further includes: a 
deterioration detector that detects deterioration of the fuel cell; and a transmission control unit that, when deterioration 
of the fuel cell is detected, controls the transmission to compensate for an effect on energy output due to the deteriora- 
40 tion. 

[0193] In the event that either one of the fuel cells and the heat engine deteriorates, the first hybrid moving object 
regulates the output of the other energy output source that does not deteriorate, and thereby compensates for the 
adverse effects of the deterioration. The deterioration here represents the failure of proper output due to malfunction, 
shortage of the fuel, or change with the elapse of time. In the first hybrid moving object, the detection of deterioration 
45 may be carried out for both or either one of the fuel cells and the heat engine. In the event that the fuel cells deteriorate, 
the second hybrid moving object controls the transmission and thereby compensates for the adverse effects of the dete- 
rioration. The variety of arrangements discussed above with regard to the hybrid systems may also be applied for these 
hybrid moving objects. The principle of the present invention may also be actualized by a method of controlling the 
hybrid system. 

so [0194] The present invention is also directed to a fifth moving object having a heat engine as a power source that 
outputs power to a drive shaft, and a motor that applies a torque to a specific site in order to compensate for a variation 
in torque output from the heat engine to the drive shaft The fifth moving object further includes: an accumulator that is 
charged with electric power and a power generator unit, which are included in an electric power system that transmits 
electric power to and from the motor; a target torque setting unit that sets a torque to compensate for a variation in 

55 torque of the heat engine as a target torque of the motor; and a control unit that selectively uses the accumulator and 
the power generator unit according to a sign of the target torque, so as to enable the motor to be driven with the target 
torque. 

[0195] The fifth moving object of the present invention. improves the energy efficiency under the control of restricting 
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the torque variation. The variation in torque output from the heat engine is controlled by regulating the torque of the 
motor. In the case where the actual torque, which Is actually output from the heat engine, is greater than a required 
torque, the motor applies a negative torque, so as to compensate for the torque variation. In the case where the actual 
torque is smaller than the required torque, on the contrary, the motor applies a positive torque, so as to compensate for 

5 the torque variation. In the fifth moving object, the control technique selectively uses the working electric power system 
according to the sign of the target torque of the motor. In the case of a negative target torque, the electric power regen- 
erated by the motor is accumulated in the accumulator. In the case of a positive target torque, on the other hand, the 
electric power is supplied from the power generator unit to enable power operation of the motor There Is no supply of 
electric power from the accumulator to the motor In the case of the positive target torque. During the power operation 

10 of the motor, the electric power is supplied from the power generator unit This improves the energy efficiency during 
the power operation of the motor. The supply of electric power from the accumulator is mainly based on the excess 
power previously output from the heat engine. In this case, there are both the charge loss in the process of charging the 
accumulator with the excess power and the discharge loss in the process of discharging the accumulator. The supply 
of electric power from the power generator unit, on the other hand, is not via the charge and discharge processes Into 

15 and from the accumulator, thereby attaining the high energy efficiency. 

[Q196] The effectiveness of this technique of the fifth moving object is affected by the charge-discharge character- 
istics of the accumulator. In some cases, the charge and discharge efficiencies of the accumulator show non-linear 
. characteristics according to the amounts of input and output electric power and the charge level. The accumulator that 
is charged with electric power and is discharged to release electric power through chemical reactions, such as the sec- 

20 ondary battery, may have the varying efficiency with a variation in charge-discharge cycle. The torque variation of the 
heat engine arises at relatively high frequencies. Compensation of the torque variation with the electric power output 
from the accumulator may cause frequent discharges at the especially low efficiencies. The technique of the fifth mov- 
ing object, on the other hand, compensates the torque variation with the power generator unit of high efficiency. This 
arrangement effectively prevents the accumulator from being discharged in the driving state of low discharge efficiency. 

25 This enables the electric power output from the accumulator to be used in the driving state of high discharge efficiency 
and thereby improves the total driving efficiency of the moving object as well as the driving efficiency in the course of 
controlling the torque variation. 

[0197] Typical examples of the accumulator include a secondary battery and a capacitor. Typical examples of the 
power generator unit include fuel cells and a generator. The fuel cells have an advantage of good driving efficiency. The 
30 generator may be driven by means of a heat engine. In this case, the preferable control procedure regulates the loading 
applied from the generator to the heat engine to a fixed value, irrespective of the amount of electric power required for 
the motor. 

[0198] The fifth moving object discussed above selectively uses the accumulator and the power generator unit 
according to the sign of the target torque of the motor that compensates for the torque variation. 

35 [0199] The present invention is also directed to a sixth moving object having a heat engine as a power source that 
outputs power to a drive shaft and a control mechanism that checks a variation in torque output from the heat engine to 
the drive shaft The control mechanism includes: a first motor and a second motor that apply a torque to the drive shaft; 
and an accumulator that is charged with electric power and a power generator unit, which are included in an electric 
power system that transmits electric power to and from the first and second motors. The control mechanism further 

40 includes: a target torque setting unit that respectively sets target torques of the first motor and the second motor, as long 
as a condition of maintaining a torque to be output to the drive shaft, a condition of compensating for the variation in 
torque, a condition of making the torque of the first motor not greater than zero, and a condition of making the torque of 
the second motor not less than zero are fulfilled; and a control unit that regulates electric power transmitted between 
the first motor and the accumulator and electric power transmitted between the second motor and the power generator 

45 unit, so as to enable the first motor and the second motor to be driven with the respective target torques. 

[0200] The technique of the sixth moving object selectively uses the accumulator and the power generator unit as 
the working electric power system, as well as the first motor and the second motor according to the magnitude of the 
torque to be applied to compensate for the torque variation. The arrangement of the sixth moving object also enables 
the control of the torque variation with a high efficiency, like the arrangement of the fifth moving object. 

so [0201] In accordance with one preferable embodiment that controls the torque variation, the fifth moving object fur- 
ther includes a charge state detector that observes a charge level of the accumulator. The control unit selectively uses 
the accumulator and the power generator unit according to the observed charge level of the accumulator, so as to drive 
the motor. 

[0202] For example, the control unit may carry out the control that properly uses the accumulator and the power 
55 generator unit according to the sign of the target torque, only when the observed charge level of the accumulator is not 
higher than a predetermined level. 

[0203] This desirably prevents the accumulator from being excessively charged. 

[0204] Each of the moving objects of the present invention discussed above has a plurality of fuel reservoir units, 
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in which a plurality of fuels are separately stored. The present invention also includes a configuration of a fuel supply 
mechanism that adequately supplies the plurality of fuels to the respective fuel reservoir units. 

[0205] The present invention is thus directed to a first fuel supply mechanism, which includes: a fuel supply unit that 
supplies a plurality of different fuels; a plurality of fuel reservoir units that respectively store the plurality of different fuels 
s therein; and a fuel inlet unit that is connected with the fuel supply unit and leads the supplies of different fuels fed from 
the fuel supply unit to the plurality of fuel reservoir units. The fuel inlet unit has a plurality of openings that are provided 
corresponding to the plurality of fuel reservoir units and respectively connect with the corresponding fuel reservoir units. 
The plurality of openings are formed to have different shapes. 

[0206] In the first fuel supply mechanism of the present invention, the plurality of openings have different shapes 
10 corresponding to the plurality of different fuels. This effectively prevents the user from being mixed up by the plurality of 
different fuels at the time of fuel supply. Especially preferable is that the respective openings of the fuel inlet unit have 
the shapes allowing one-to-one connection with the fuel supply unit. This structure more securely prevents the confu- 
sion between different fuels. 

[0207] In accordance with one preferable embodiment of the first fuel supply mechanism, the fuel inlet unit has the 
is plurality of openings that are located dose to each other in a predetermined area on an outer wall surface of the moving 
object The fuel inlet unit has a single cover member that covers over the plurality of openings. 

[0208] This arrangement enables all fuel supply operations to be performed in the predetermined area, thereby 
simplifying the work required for the fuel supply. The single cover member to cover over the plurality of openings desir- 
ably reduces the required number of parts involved in the opening and closing mechanism of the cover member and 
20 simplifies the structure of the fuel inlet unit. 

[0209] For the purpose of labor saving at the time of fuel supply, it is desirable that the cover member of the fuel 
inlet unit is opened by a single action. This is especially preferable when the fuel inlet unit has a plurality of cover mem- 
bers corresponding to the plurality of different fuels. 

[0210] The plurality of different fuels respectively stored in the plurality of fuel reservoir units may be supplied to all 
25 the energy output sources. Alternatively there may be one or plural fuels that are supplied only to part of the energy 
output sources. 

[0211] The present invention is also directed to a second fuel supply mechanism, which includes: a plurality of fuel 
reservoir units that respectively store a plurality of different fuels therein; a plurality of flow paths that are provided cor- 
responding to the plurality of fuel reservoir units and respectively lead external supplies of the plurality of different fuels 
30 to the corresponding fuel reservoir units; and a detector that is disposed in at least one flow path among the plurality of 
flow paths and obtains information regarding a type of fuel passing through the flow path. 

[0212] In the second fuel supply mechanism, the detector identifies the type of the fuel supplied through the flow 
path. It is preferable that the second fuel supply mechanism further includes an alarm unit that informs a user of an inap- 
propriate supply of fuel. The alarm unit may provide an alarm display, an alarm sound, or an alarm of any other suitable 
35 form. 

[0213] In accordance with one preferable application, the second fuel supply mechanism further includes: a plural- 
ity of energy output sources, each of which receives a supply of one of the plurality of different fuels stored in the plu- 
rality of fuel reservoir units and generates energy; and a fuel identification unit that determines whether or not the fuel 
passing through the flow path is identical with the fuel that is to be stored in the fuel reservoir unit corresponding to the 

40 flow path, based on the information obtained by the detector. The second fuel supply mechanism further includes a pro- 
hibition unit that forbids generation of energy by the energy output source that receives the supply of fuel from the fuel 
reservoir unit corresponding to the flow path, when the fuel identification unit determines that the fuel passing through 
the flow path is different from the fuel that is to be stored in the fuel reservoir unit corresponding to the flow path. 
[0214] In the event that the wrong fuel is mistakenly fed to the fuel reservoir unit, this arrangement effectively pre- 

45 vents the energy output source from being driven with the fuel. One possible modification drives the energy output 
source corresponding to another fuel reservoir unit, in which the right fuel is stored, instead of the energy output source 
subjected to the prohibition. This ensures the required energy even when the wrong fuel is mistakenly supplied. 
[0215] The fuel supply unit that supplies at least two fuels among the plurality of different fuels has a configuration 
corresponding to the arrangement of the first fuel supply mechanism. 

so [0216] The fuel supply unit has a joint member that is connected to the moving object and enables the at least two 
fuels to be supplied to the moving object The joint member includes a plurality of ejection outlets that are provided inde- 
pendently corresponding to the at least two fuels supplied from the fuel supply unit to the moving object The plurality 
of ejection outlets are formed to have different shapes and cause the corresponding fuels to be ejected therefrom. 
[0217] In the fuel supply unit of this configuration, the plurality of ejection outlets, from which the corresponding 

55 fuels are ejected, have different shapes. This effectively prevents the user from being mixed up by the at least two fuels 
at the time of fuel supply. Especially preferable is that each of the ejection outlets has a shape allowing one-to-one con- 
nection with the opening of the fuel inlet unit. This structure more securely prevents the confusion between different 
fuels. From this point of view, it is preferable that each of the ejection outlets corresponding to a certain fuel has a shape 
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forbidding connection with any openings of the fuel inlet unit except the right opening corresponding to the certain fuel. 
[0218] These and other objects, features, aspects, and advantages of the present invention will become more 
apparent from the following detailed description of the preferred embodiments with the accompanying drawings. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

[0219] 

Fig. 1 schematically illustrates the structure of a hybrid vehicle in a first embodiment according to the present inven- 
io tion; 

Fig. 2 schematically illustrates the structure of a fuel cells system incorporated in the hybrid vehicle of the first 
embodiment; 

Fig. 3 shows the internal structure of a transmission incorporated in the hybrid vehicle of the first embodiment; 
Fig. 4 shows the relationship between the state of connection of the respective clutches, brakes, and one-way 
15 clutches and the position of the change-speed gear; 

Fig. 5 shows an operation unit for selecting the gearshift position in the hybrid vehicle of the first embodiment; 
Fig. 6 shows an instrument panel in the hybrid vehicle of the first embodiment; 

Fig. 7 shows connections of input and output signals into and from a control unit incorporated in the hybrid vehicle 
of the first embodiment; 

20 Fig. 8 is a map showing the working power source and the available speeds mapped to the respective driving con- 

ditions of the vehicle; 

Fig. 9 is a map showing the available speeds mapped to the respective driving conditions of the vehicle at the posi- 
tion 2; 

Fig. 10 is a map showing the available speed according to the driving conditions of the vehicle at the position L; 
25 Fig. 11 is a map showing the available speed according to the driving conditions of the vehicle at the position R; 

Fig. 12 is a flowchart showing an EV drive control routine executed in the first embodiment; 

Fig. 13 is a flowchart showing a motor drive control routine executed in the first embodiment; 

Fig. 14 is a flowchart showing an auxiliary machinery drive control routine executed in the first embodiment; 

Fig. 15 is a flowchart showing a charging control routine executed in the first embodiment; 
30 Fig. 16 shows the relationship between the charge level of a battery and the effective use of regenerative electric 

power; 

Fig. 17 is a graph showing a variation in charging electric power plotted against the remaining charge SOC of the 
battery; 

Fig. 1 8 shows the selection of generators according to the driving state of the vehicle; 
35 Fig. 1 9 is a flowchart showing a generator drive control routine executed in the first embodiment; 

Fig. 20 schematically illustrates the structure of another hybrid vehicle in a second embodiment according to the 
present invention; 

Fig. 21 is a flowchart showing a 4WD control routine executed in the second embodiment; 

Fig. 22 schematically illustrates the structure of still another hybrid vehicle in a third embodiment according to the 
40 present invention; 

Fig. 23 shows the state of coupling in a sub-transmission in the structure of the third embodiment; 

Fig. 24 is a map showing the state of change in the sub'tnansmission; 

Fig. 25 is a map showing the state of change in the sub'tnansmission at the position R; 

Fig. 26 shows an operation unit for selecting the gearshift position in the hybrid vehicle of the third embodiment; 
45 Fig. 27 is a map showing a typical change speed pattern of a CvT in the hybrid vehicle of the third embodiment; 

Fig. 28 is a map showing a variation in output torque against the accelerator travel in an engine drive area; 
Fig. 29 is a map showing a process of changing the range of the MG area according to the remaining quantity of 
the FC fuel; 

Fig. 30 is an exemplified map showing a variation in range of the MG area against the remaining quantity of the FC 
so fuel; 

Fig. 31 is a map showing the relationship between the assist torque and the remaining quantity of the FC fuel; 
Fig. 32 is a flowchart showing an EV drive control routine executed in the third embodiment; 

Fig. 33 is a flowchart showing a drive control routine executed in a fourth embodiment according to the present 
invention; 

55 Fig. 34 shows a process of setting a reference value Lo, which is compared with the remaining quantity of gasoline; 

Fig. 35 is a flowchart showing another drive control routine as a first modification of the fourth embodiment; 
Fig. 36 is a flowchart showing still another drive control routine as a second modification of the fourth embodiment; 
Fig. 37 shows an instrument panel in a hybrid vehicle of a fifth embodiment according to the present invention; 
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Fig. 38 is a flowchart showing an EV drive control routine executed in the fifth embodiment; 

Fig. 39 shows variations in outputs from the respective power sources and electric power supplies in the EV drive 
control process; 

Fig. 40 is a flowchart showing an auxiliary machinery drive control routine executed in the fifth embodiment; 
5 Fig. 41 shows the process of changing over the working power source in the auxiliary machinery drive control proc- 

ess; 

Fig. 42 is a flowchart showing a power assist control routine executed in the fifth embodiment; 
Fig. 43 shows the process of changing over the working electric power supply in the power assist control process; 
Fig. 44 is a flowchart showing a vehicle stop- or speed reduction-time control routine executed in the fifth embodi- 
io ment; 

Fig. 45 shows the process of changing over the working electric power supply in the vehicle stop- or speed reduc- 
tion-time control process; 

Fig. 46 is a map showing the available speeds mapped to the respective driving conditions of the vehicle in a first 
modification of the fifth embodiment; 
is Fig. 47 is a map showing the available speeds mapped to the respective driving conditions of the vehicle at the 

position 2 in the first modification of the fifth embodiment; 

Fig. 48 is a map showing the available speed according to the driving conditions of the vehicle at the position L in 
the first modification of the fifth embodiment; 

Fig. 49 is a map showing the available speed according to the driving conditions of the vehicle at the position R in 
20 the first modification of the fifth embodiment; 

Fig. 50 is a flowchart showing a power assist control routine executed in the first modification of the fifth embodi- 
ment; 

Fig. 51 shows the process of changing over the working electric power supply in the power assist control process; 
Fig. 52 is a flowchart showing a power mode control routine executed in a second modification of the fifth embodi- 
es ment; 

Fig. 53 shows the process of changing over the working electric power supply in the power mode control process; 
Fig. 54 shows a variation in power output in the power mode; 

Fig. 55 schematically illustrates the structure of another hybrid vehicle in a sixth embodiment according to the 
present invention; 

30 Fig. 56 is a flowchart showing a 4WD control routine executed in the sixth embodiment; 

Fig. 57 shows variations in outputs of the respective power sources and electric power supplies in the 4WD control 
process; 

Fig. 58 schematically illustrates the structure of still another hybrid vehicle in a seventh embodiment according to 
the present invention; 

35 Fig. 59 is a flowchart showing an EV drive control routine executed in the seventh embodiment; 

Fig. 60 is a flowchart showing a fuel cell activation control routine executed in the seventh embodiment; 
Fig. 61 is maps used for specifying consuming electric power Est; 

Fig. 62 is a graph showing a variation in remaining charge of the battery in the case of activation of the fuel cell; 
Fig. 63 is a flowchart showing an engine drive point setting routine; 
40 Fig. 64 is a graph showing the relationship between the drive point of the engine and the driving efficiency; 

Fig. 65 is a graph showing the relationship between the power and the driving efficiency when the engine is driven 
on a working curve; 

Fig. 66 schematically illustrates the structure of another hybrid vehicle in an eighth embodiment according to the 
present invention; 

45 Fig. 67 shows an operation unit for selecting the gearshift position in the hybrid vehicle of the eighth embodiment; 

Fig. 68 shows an instrument panel in the hybrid vehicle of the eighth embodiment; 
Fig. 69 is a flowchart showing an EV drive control routine executed in the eighth embodiment; 
Fig. 70 is a flowchart showing an external electric power supply activation control routine executed in the eighth 
embodiment; 

50 Fig. 71 is a flowchart showing part of an EV drive control routine executed in a first modification of the eighth 

embodiment; 

Fig. 72 is a graph showing a variation in specific value FGSL plotted against the remaining quantity GSL of gaso- 
line; 

Fig. 73 is a flowchart showing an EV drive control routine executed in a second modification of the eighth embodi- 
55 ment; 

Fig. 74 shows variations in temperature and output of the fuel cell 60, output of the engine 10, and output of the 
motor 20 in the control process of the second modification; 

Fig. 75 shows a distribution of output in a third modification of the eighth embodiment; 
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Fig. 76 is a flowchart showing a drive control routine executed in the third modification; 

Fig. 77 schematically illustrates the structure of still another hybrid vehicle in a ninth embodiment according to the 
present invention; 

Fig. 78 is a flowchart showing an engine warm-up control routine executed in the ninth embodiment; 
5 Fig. 79 is a graph showing a variation in quantity of the FC fuel required for the warm-up plotted against the water 

temperature in the engine; 

Fig. 80 is a flowchart showing an engine warm" up control routine as one modification of the ninth embodiment; 
Fig. 81 is a flowchart showing an EV drive control routine executed in a tenth embodiment according to the present 
invention; 

10 Fig. 82 shows the principle of control to reduce a torque variation in an eleventh embodiment according to the 

present Invention; 

Fig. 83 is a flowchart showing a damping control routine executed in the eleventh embodiment; 
Fig. 64 is a flowchart showing a motor control routine executed in the damping control process; 
Fig. 85 shows the principle of damping control in a modification of the eleventh embodiment; 
15 Fig. 86 is a flowchart showing a damping control routine executed in the modification of the eleventh embodiment; 

Fig. 87 shows a hybrid vehicle and a fuel supply unit in a twelfth embodiment according to the present invention; 
Fig. 88 shows the connecting structure of a fuel inlet unit and fuel spouts in the hybrid vehicle of the twelfth embod- 
iment; 

Fig. 89 shows the connecting structure of another fuel inlet unit and fuel spouts; 
20 Fig. 90 shows the structure of another hybrid vehicle in one modification of the twelfth embodiment; 

Fig. 91 shows attachment of a fuel type sensor; and 

Fig. 92 is a flowchart showing a fuel type detection routine executed in the hybrid vehicle of the modification. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

25 

[0220] Some modes of carrying out the present invention are described below in the following sequence as pre- 
ferred embodiments, in which the technique of the present invention is applied to hybrid vehicles: 

A. Structure of System 
30 B. General Operations 

C. EV Drive Control Process 

D. Auxiliary Machinery Drive Control Process 

E. Charging Control Process 

F. Second Embodiment 
35 G. Third Embodiment 

H. Fourth Embodiment 



H1. First Modification 
H2. Second Modification 

40 

I. Fifth Embodiment 



11 . Structure of System 

12. EV Drive Control Process 

45 13. Auxiliary Machinery Drive Control Process 

1 4. Power Assist Control Process 

15. Vehicle Stop- or Speed Reduction -Time Control Process 

16. First Modification 

17. Second Modification 

so 

J. Sixth Embodiment 
K. Seventh Embodiment 



K1 . Structure of System 
55 K2. EV Drive Control Process 

K3. Fuel Cell Activation Control Process 



L. Eighth Embodiment 
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L1 . Structure of System 

L2. EV Drive Control Process 

L3. External Electric Power Supply Activation Control Process 
L4. First Modification 
5 L5. Second Modification 

L6. Third Modification 

M. Ninth Embodiment 

10 Ml. Modification 

N. Tenth Embodiment 
O. Eleventh Embodiment 

is 01 . Damping Control Process 

02. Modification 

P. Twelfth Embodiment 

20 P1 . Structure of System 

92. Modification 

Q. Other Modifications 

25 A. Structure of System 

[0221] Fig. 1 schematically illustrates the structure of a hybrid vehicle in a first embodiment according to the present 
invention. The hybrid vehicle of the first embodiment has an engine 10 and a motor 20 as power sources thereof. The 
hybrid vehicle of the embodiment has a power system, in which the engine 1 0, an input clutch 1 B, the motor 20, a torque 

30 converter 30, and a transmission 100 are connected in series in this sequence from the upstream side to the down- 
stream side. A crankshaft 1 2 of the engine 1 0 is connected to the motor 20 via the input clutch 1 8. The on-off operations 
of the input clutch 18 allow and forbid transmission of power from the engine 10. A rotating shaft 13 of the motor 20 is 
connected to the torque converter 30. An output shaft 14 of the torque converter 30 is linked with the transmission 100. 
An output shaft 15 of the transmission 100 or a drive shaft is connected to an axle 17 via a differential gear 16. The 

35 respective elements of the power system are described below in detail. 

[0222] The engine 1 0 is a general gasoline engine, but has a mechanism of adjusting open and close timings of an 
intake valve, which is used to ingest a mixture of gasoline and the air into a cylinder, and an exhaust valve, which is used 
to release combustion exhausts from the cylinder, relative to vertical movements of a piston. This mechanism is here- 
inafter referred to as the VVT mechanism, which is known to the art and is thus not specifically described here. The 

40 mechanism of the engine 10 adjusts the open and close timings of these valves, in order to close these valves with 
some delays relative to the vertical movements of the piston. This arrangement effectively decreases the pumping loss 
and thereby reduces the torque to be output from the motor 20 in the course of motoring the engine 10. In the process 
of outputting the power through combustion of gasoline, the VVT mechanism controls on and off the respective valves 
at the optimum timings attaining the highest possible combustion efficiency according to the resolving speed of the 

45 engine 10. 

[0223] The motor 20 is a three-phase synchronous motor, and includes a rotor 22 with a plurality of permanent 
magnets attached to an outer circumferential face thereof and a stator 24 with three-phase coils wound thereon to form 
a rotating magnetic field. The motor 20 is driven and rotated by means of an interaction between the magnetic field pro- 
duced by the permanent magnets attached to the rotor 22 and the magnetic field produced by the three-phase coils of 

50 the motor 24. In the case where the rotor 22 is rotated by an external force, the interaction between these magnetic 
fields causes an electromotive force to be generated between both ends of the three-phase coils. A non-sin a- wave 
magnetic motor that enables output of relatively large torques is applied for the motor 20 in this embodiment, although 
a sine* wave magnetic motor, in which the magnetic flux density between the rotor 22 and the stator 24 has a sine dis- 
tribution in a circumferential direction, may alternatively be applicable. 

55 [0224] A battery 50 and a fuel cells system 60 are provided as the electric power supplies of the motor 20. Between 
these two electric power supplies, the fuel cells system 60 is used as a main electric power supply. The battery 50 is 
used as an auxiliary electric power supply to supplement the electric power to the motor 20 in the case of malfunction 
of the fuel cells system 60 or in a transient driving state of the fuel cells system 60, when the fuel cells system 60 can 
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not output sufficient electric power. The electric power of the battery 50 is mainly supplied to a control unit 70, which 
controls operations of trie hybrid vehicle, and power-driven apparatuses including lighting systems. 
[0225] A changeover switch 84 for switching the state of connection is located between the motor 20 and the 
respective electric power supplies 50 and 60. The changeover switch 84 arbitrarily changes the state of connection 

5 among the battery 50, the fuel cells system 60, and the motor 20. The stator 24 is electrically connected to the battery 
50 via the changeover switch 84 and a driving circuit 51 . The stator 24 is also electrically connected to the fuel cells 
system 60 via the changeover switch 84 and a driving circuit 52. Each of the driving circuits 51 and 52 is constructed 
as a transistor inverter that includes plural pairs of transistors, one as a source and the other as a sink, provided respec- 
tively for the three phases of the motor 20. Both the driving circuits 51 and 52 are electrically connected to the control 

10 unit 70. The control unit 70 carries out the PWM control of the on- and off -time of the respective transistors included in 
each of the driving circuits 51 and 52. As a result of the PWM control, quasi three-phase alternating currents run 
through the three-phase coils of the stator 24 with the battery 50 and the fuel cells system 60 as the electric power sup- 
plies, so as to produce a rotating magnetic field. The action of the rotating magnetic field enables the motor 20 to func- 
tion either as a motor or a generator. 

is [0226] Fig. 2 schematically illustrates the structure of the fuel cells system 60. The fuel cells system 60 includes, as 
main constituents, a methanol reservoir 61 in which methanol is kept, a water reservoir 62 in which water is kept, a 
burner 63 that produces a combustion gas, a compressor 64 that compresses the air, an evaporator 65 assembled with 
the burner 63 and the compressor 64, a reformer 66 that produces a gaseous fuel through reforming reactions, a CO 
reduction unit 67 that reduces the concentration of carbon monoxide (CO) included in the gaseous fuel, and a fuel cells 

20 stack 60 A that generates an electromotive force through electrochemical reactions. The operations of these constitu- 
ents are controlled by the control unit 70. 

[0227] The fuel cells stack 60A includes a plurality of polymer electrolyte fuel cells that are laid one upon another. 
Each fuel cell includes an electrolyte membrane, a cathode, an anode, and a pair of separators. The electrolyte mem- 
brane is a proton-conductive ion exchange membrane composed of a polymer material, for example, fluoro resin. The 
25 cathode and the anode are composed of carbon cloth of woven carbon fibers. The separators are composed of a gas- 
impermeable conductive material, for example, gas-impermeable dense carbon prepared by compressing carbon. Flow 
paths of gaseous fuel and oxidant gas are formed between the cathode and the anode. 

[0228] The respective constituents of the fuel cells system 60 have the following connections. The methanol reser- 
voir 61 is connected to the evaporator 65 via piping. A pump P2 disposed in the middle of the piping functions to regu- 
30 late the flow of methanol and feed a regulated supply of methanol as a crude fuel to the evaporator 65. The water 
reservoir 62 is also connected to the evaporator 65 via piping. A pump P3 disposed in the middle of the piping functions 
to regulate the flow of water and feed a regulated supply of water to the evaporator 65. The piping of methanol and the 
piping of water join together at a position downstream the pumps P2 and P3 to one conduit, which is connected to the 
evaporator 65. 

35 [0229] The evaporator 65 vaporizes the supplies of methanol and water. The evaporator 65 is combined with the 
burner 63 and the compressor 64. The evaporator 65 boils and vaporizes the supplies of methanol and water with the 
combustion gas supplied from the burner 63. Methanol is also used as the fuel of the burner 63. The methanol reservoir 
61 is accordingly connected to the burner 63 via piping, in addition to the evaporator 65. A pump P1 disposed in the 
middle of the piping functions to feed a supply of methanol to the burner 63. The burner 63 also receives a supply of 

40 fuel gas exhaust that has not been consumed by the electrochemical reactions in the fuel cells stack 60A but remains. 
The burner 63 combusts the fuel gas exhaust preferentially over methanol. The combustion temperature of the burner 
63 is regulated, based on an output of a temperature sensor T1, to be kept in a range of approximately 800°C to 
1 000°C. The combustion gas of the burner 63 rotates a turbine to drive the compressor 64, while being fed to the evap- 
orator 65. The compressor 64 compresses the air ingested from the outside of the fuel cells system 60 and supplies the 

45 compressed air to the cathodes in the fuel cells stack 60A. 

[0230] The evaporator 65 is further connected with the reformer 66 via a conduit The crude fuel gas, that is, the 
mixture of methanol and water vapor, obtained by the evaporator 65 is supplied to the reformer 66. The reformer 66 
reforms the supply of the crude fuel gas mainly consisting of methanol and water, so as to produce a hydrogen-rich gas- 
eous fuel. A temperature sensor T2 is disposed in the middle of the supply conduit connecting the evaporator 65 with 

so the reformer 66. The quantity of methanol supplied to the burner 63 is regulated to keep the observed temperature of 
the temperature sensor T2 at a predetermined level, for example, approximately 250°C. Oxygen is involved in the 
reforming reactions proceeding in the reformer 66. The reformer 66 has a blower 68 to ingest the air from the outside 
and supply oxygen required for the reforming reactions. 

[0231] The reformer 66 is further connected to the CO reduction unit 67 via piping. The hydrogen -rich gaseous fuel 
55 obtained by the reformer 66 is fed into the CO reduction unit 67. The gaseous fuel obtained through the reforming reac- 
tions in the reformer 66 generally contains a certain quantity of carbon monoxide (CO). The CO reduction unit 67 
reduces the concentration of carbon monoxide included in the gaseous fuel. In the polymer electrolyte fuel cells, carbon 
monoxide included in the gaseous fuel interferes with the reaction proceeding at the anode to lower the performance of 
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the fuel cells. The CO reduction unit 67 oxidizes carbon monoxide Included in the gaseous fuel to carbon dioxide, so as 
to reduce the concentration of carbon monoxide. 

[0232] The CO reduction unit 67 is connected to the anodes in the fuel cells stack 60A via piping. The gaseous fuel 
having the reduced concentration of carbon monoxide is subjected to the cell reaction proceeding at the anodes in the 
5 fuel cells stack 60 A. As described previously, the compressed air is fed to the cathodes in the fuel cells stack 60 A via 
piping. The air functions as an oxidant gas and is subjected to the cell reaction proceeding at the cathodes in the fuel 
cells stack 60 A. 

[0233] The fuel cells system 60 having the above configuration generates the electric power through the chemical 
reaction of methanol with water. In the structure of the embodiment, the driving conditions of the fuel cells stack 60A 

10 are controlled according to the remaining quantities of methanol and water in the methanol reservoir 61 and the water 
reservoir 62. In order to attain such control, volume sensors 61 a and 62a are attached to the methanol reservoir 61 and 
the water reservoir 62, respectively. The fuel cells system 60 incorporated in the hybrid vehicle of the embodiment uti- 
lizes methanol and water to generate the electric power. The fuel cells system 60 is, however, not restricted to this struc- 
ture but may have any suitable structure according to the requirements. 

is [0234] In the description hereinafter, the fuel cells system 60 may symbolically be referred to as the fuel cell 60. 
Methanol and water used for power generation in the fuel ceil 60 are generically referred to as the FC fuel. The volume 
of methanol may be identical with or different from the volume of water. In the description below, the term 'quantity of 
the FC fuel' means the volume of the determinant that restricts the power generation in the fuel cell 60, that is, the vol- 
ume of either methanol or water that falls into short supply prior to the other in the case of continuous power generation. 

20 [0235] Referring back to Fig. 1 , the torque converter 30 is a known fluid'based power transmission mechanism. The 
input shaft of the torque converter 30, that is, the output shaft 13 of the motor 20, is not mechanically linked with the 
output shaft 14 of the torque converter 30. The input shaft 13 and the output shaft 14 are rotatable via a certain slip. 
Each of the input and output shafts 13 and 14 has a turbine with a plurality of blades mounted on an end thereof. The 
turbine on the input shaft 13 of the torque converter 30 and the turbine on the output shaft 14 of the torque converter 

25 30 are incorporated in the torque converter 30 in such a manner as to face each other. The torque converter 30 has a 
sealed structure and includes transmission oil sealed therein. The transmission oil acts on the respective turbines, so 
as to enable the power to be transmitted from one rotating shaft to the other rotating shaft. Since these rotating shafts 
are rotatable via a certain slip, the power input from one rotating shaft is converted to a different combination of revolv- 
ing speed and torque and transmitted to the other rotating shaft. The torque converter 30 has a lock-up clutch that links 

30 the two rotating shafts with each other under predetermined conditions, in order to prevent the slip between the two 
rotating shafts. The on-off conditions of the lock-up clutch are controlled by the control unh 70. 

[0236] The transmission 100 has a plurality of gear units, clutches, one way clutches, and brakes incorporated 
therein, and changes the gear ratio, so as to enable the power input from the output shaft 14 of the torque converter 30 
to be converted to a different combination of torque and revolving speed and transmitted to the output shaft 15 of the 
35 transmission 1 00. Fig. 3 shows the internal structure of the transmission 1 00. The transmission 1 00 of this embodiment 
mainly includes a sub-change gear unit 1 1 0 (a portion on the left side of the dotted line in Fig. 3) and a main change 
gear unit 120 (a portion on the right side of the dotted line). The illustrated structure enables five forward speeds and 
one reverse speed. 

[0237] The detailed structure of the transmission 1 00 is described sequentially from the rotating shaft 1 4. As ill us- 
40 trated in Fig. 3, the sub-change gear unit 1 1 0 constructed as an overdrive unit converts the power input from the rotating 
shaft 14 at a predetermined gear ratio and transmits the converted power to a rotating shaft 119. The sub-change gear 
unit 110 includes a first planetary gear unit 1 12 of a single pinion type, a clutch CO, a one-way clutch F0, and a brake 
B0. The first planetary gear unit 112 includes three different gears, that is, a sun gear 114 revolving on the center, a 
planetary pinion gear 1 15 revolving both round the sun gear 114 and on its axis, and a ring gear 118 revolving round 
45 the planetary pinion gear 115. The planetary pinion gear 1 15 is supported on a rotating part called a planetary carrier 
116. 

[0238] " In the planetary gear unit, when the rotating conditions of two gears selected among the three gears are 
determined, the rotating conditions of the residual gear are automatically determined. The rotating conditions of the 
respective gears in the planetary gear unit are expressed by Equations (1) known in the field of mechanics and given 
50 below: 

Ns=(1+p)/p x Nc- Nr/p (1) 
Nc= p/(1+p) x NS + Nr/(1+p) 

55 

Nr= (1+p)Nc " pNs 
Ts = Tc x p / (1+p) = pTr 
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Tr = Tc/(1+) 

where p denotes the number of teeth in the sun gear to the number of teeth In the ring gear, Ns represents the revolving 
speed of the sun gear, Ts represents the torque of the sun gear, Nc represents the revolving speed of the planetary car- 
5 rier, Tc represents the torque of the planetary carrier, Nr represents the revolving speed of the ring gear, and Tr repre- 
sents the torque of the ring gear. 

[0239] In the sub-change gear unit 1 1 0, the rotating shaft or the output shaft 14 of the torque converter 30, which 
corresponds to the input shaft of the transmission 100, is linked with the planetary carrier 116. The one-way clutch F0 
and the clutch CO are disposed in parallel between the planetary carrier 1 1 6 and the sun gear 114. The one-way clutch 

10 F0 is arranged to be coupled when the sun gear 114 has normal rotations relative to the planetary carrier 116, that is, 
when the sun gear 1 14 rotates in the same direction as that of the input shaft 14 of the transmission 100. The sun gear 
1 14 is connected to the multiple disc brake B0 that can stop the rotation of the sun gear 114. The ring gear 1 1 B corre- 
sponding to the output of the sub-change gear unit 1 1 0 is linked with the rotating shaft 119, which corresponds to the 
input shaft of the main change gear unit 120. 

15 [0240] In the sub-change gear unit 1 1 0 of the above configuration, the planetary carrier 116 rotates integrally with 
the sun gear 1 14 in the case of coupling of either the clutch CO or the one-way clutch FO. According to Equations (1) 
given above, when the sun gear 114 and the planetary carrier 1 1 6 have an identical revolving speed, the ring gear 118 
also rotates at the identical revolving speed. In this state, the revolving speed of the rotating shaft 1 1 9 is identical with 
the revolving speed of the input shaft 14. In the case of coupling the brake BO to stop the rotation of the sun gear 114, 

20 on the other hand, according to Equations (1 ), substitution of the value '0' into the revolving speed Ns of the sun gear ' 
114 makes the revolving speed Nr of the ring gear 11 B higher than the revolving speed Nc of the planetary carrier 116. 
Namely the rotation of the input shaft 1 4 is accelerated and then transmitted to the rotating shaft 1 1 9. The sub-change 
gear unit 1 1 0 selectively performs the function of directly transmitting the power input from the input shaft 14 to the rotat- 
ing shaft 1 19 or the function of accelerating the input power and then transmitting the accelerated power to the rotating 

25 shaft 11 9. 

[0241] The main change gear unit 120 includes three planetary gear units 130, 140, and 150, two clutches C1 and 
C2, two one-way clutches F1 and F2, and four brakes B1 through B4. Like the first planetary gear unit 1 12 included in 
the sub-change gear unit 1 10, each of the planetary gear units 1 30, 140, and 1 50 includes a sun gear, a planetary car- 
rier, a planetary pinion gear, and a ring gear. The three planetary gear units 130, 140, and 150 are linked as discussed 
30 below. 

[0242] A sun gear 132 of the second planetary gear unit 1 30 is integrally linked with a sun gear 1 42 of the third plan- 
etary gear unit 140. These sun gears 132 and 142 maybe connected with the rotating shaft 1 19, that is, the input shaft 
of the main change gear unit 120, via the clutch C2. The rotating shaft 119 linked with these sun gears 132 and 142 is 
connected with the brake B1 that stops the rotation of the rotating shaft 119. The one-way clutch F1 is arranged to be 
35 coupled in the case of reverse rotation of this rotating shaft 1 1 9. The brake B2 is provided to stop the rotation of the one- 
way clutch F1 . 

[0243] A planetary carrier 134 of the second planetary gear unit 130 is connected with the brake B3 that stops the 
rotation of the planetary carrier 134. A ring gear 136 of the second planetary gear unit 130 is integrally linked with a 
planetary carrier 144 of the third planetary gear unit 140 and a planetary carrier 154 of the fourth planetary gear unit 
40 150. The ring gear 136 and the planetary carriers 144 and 154 are further connected with the output shaft 15 of the 
transmission 100. 

[0244] A ring gear 146 of the third planetary gear unit 1 40 is linked with a sun gear 152 of the fourth planetary gear 
unit 150 and with a rotating shaft 122. The rotating shaft 122 may be linked with the input shaft 119 of the main change 
gear unit 120 via the clutch C1 . A ring gear 156 of the fourth planetary gear unit 150 is connected with the brake B4 that 
45 stops the rotation of the ring gear 156 and with the one-way clutch F2 that is arranged to be coupled in the case of . 
reverse rotation of the ring gear 1 56. 

[0245] The clutches CO through C2 and the brakes B0 through B4 included in the transmission 1 00 are coupled and 
released by means of the hydraulic pressure. As shown in Fig. 1, the transmission 100 receives a supply of working oil 
fed from a power-driven hydraulic pump 102 to enable functions of these clutches and brakes. The transmission 100 

so has a hydraulic pressure regulation unit 104 that regulates the hydraulic pressure. The hydraulic pressure regulation 
unit 104 includes hydraulic oil conduits to enable the functions of the transmission 100 and solenoid valves to regulate 
the hydraulic pressure, though not specifically illustrated. In the hybrid vehicle of the embodiment, the control unit 70 
outputs control signals to these solenoid valves and other related elements in the hydraulic pressure regulation unit 
1 04, so as to control the operations of the respective clutches and brakes. 

55 [0246] The transmission 100 of the embodiment can set one speed selected among five forward speeds and one 
reverse speed to the position of the change speed gear through the combination of coupling and release of the clutches 
CO through C2 and the brakes B0 through B4. The transmission 1 00 also has a Neutral position and a Parking position. 
Fig. 4 shows the relationship between the state of connection of the respective clutches, brakes, and one-way clutches 
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and the position of the change-speed gear. In the table of Fig. 4, the circle represents a normal state of coupling, the 
double circle represents coupling under the application of power-source braking, and the triangle represents a specific 
state of coupling that does not participate In the transmission of power. The power-source braking here represents the 
braking by means of the engine 10 and the motor 20. The coupling of the one-way dutches FO through F2 is not based 
5 on the control signal of the control unit 70 but is based on the directions of rotations of the respective gears. 

[0247] As shown in Fig. 4, in the case of either a Parking (P) position or a Neutral (N) position, the clutch CO and 
the one-way clutch FO are coupled. Since both the clutches C2 and C1 are released, the power is not transmitted from 
the input shaft 11 9 of the main change gear unit 120 to the downstream elements. 

[0248] In the case of the first speed (1 st ), the clutches CO and C1 and the on-way clutches FO and F2 are coupled. 

10 Under the application of engine brake, the brake B4 is further coupled. This is equivalent to the state where the input 
shaft 14 of the transmission 100 is directly linked with the sun gear 152 of the fourth planetary gear unit 150. The power 
is accordingly transmitted to the output shaft 15 of the transmission 1 00 at a certain gear ratio corresponding to the gear 
ratio of the fourth planetary gear unit 150. The ring gear 156 is restricted not to rotate reversely by the function of the 
one-way dutch F2. The revolving speed of the ring gear 156 is thus practically equal to zero. 

is [0249] In the case of the second speed (2 nd ), the clutch C1 , the brake B3, and the one-way clutch FO are coupled. 
Under the application of engine brake, the clutch CO is further coupled. This is equivalent to the state where the input 
shaft 14 of the transmission 100 is directly linked with the sun gear 152 of the fourth planetary gear unit 150 and with 
the ring gear 146 of the third planetary gear unit 140. In this state, the planetary carrier 134 of the second planetary 
gear unit 130 is fixed. The sun gear 132 of the second planetary gear unit 130 and the sun gear 142 of the third plane- 

20 tary gear unit 1 40 have an identical revolving speed. The ring gear 1 36 and the planetary carrier 1 44 also have an iden- 
tical revolving speed. Under such conditions, according to Equations (1) discussed previously, the rotating conditions of 
the second and third planetary gear units 130 and 140 are determined unequivocally. The revolving speed Nout of the 
output shaft 15 at the second speed (2 nd ) is higher than the revolving speed at the first speed (1 st ), whereas the torque 
Tout of the output shaft 1 5 at the second speed (2 nd ) is smaller than the torque at the first speed (1 st ). 

25 [0250] In the case of the third speed (3 rd ), the clutches CO and C1 , the brake B2, and the one-way clutches FO and 
F1 are coupled. Under the application of engine brake, the brake B1 is further coupled. This is equivalent to the state 
where the input shaft 1 4 of the transmission 1 00 is directly linked with the sun gear 152 of the fourth planetary gear unit 
150 and with the ring gear 146 of the third planetary gear unit 140. The sun gears 132 and 142 of the second and third 
planetary gear units 130 and 140 are restricted not to rotate reversely by the functions of the brake B2 and the one-way 

30 clutch F1 . The revolving speeds of these sun gears 132 and 142 are thus practically equal to zero. Like in the case of 
the second speed (2 nd ), under such conditions, according to Equations (1) discussed previously, the rotating conditions 
of the second and third planetary gear units 130 and 140 are determined unequivocally, and the revolving speed of the 
output shaft 15 is determined unequivocally. The revolving speed Nout of the output shaft 15 at the third speed (3 rd ) is 
higher than the revolving speed at the second speed (2 nd ), whereas the torque Tout of the output shaft 15 at the third 

35 speed (3 rd ) is smaller than the torque at the second speed (2 nd ). 

[0251] In the case of the fourth speed (4*), the clutches CO through C2 and the one-way clutch FO are coupled. 
The brake B2 is simultaneously coupled but does not participate in transmission of the power. In this state, the clutches 
C1 and C2 are simultaneously coupled, so that the input shaft 14 of the transmission 1 00 is directly linked with the sun 
gear 1 32 of the second planetary gear unit 1 30, with the sun gear 1 42 and the ring gear 1 46 of the third planetary gear 

40 unit 140, and with the sun gear 152 of the fourth planetary gear unit 150. The third planetary gear unit 140 thus inte- 
grally rotates with the input shaft 14 at an identical revolving speed. The output shaft 1 5 of the transmission 1 00 thereby 
integrally rotates with the input shaft 14 of the transmission 100 at an identical revolving speed. The revolving speed 
Nout of the output shaft 15 at the fourth speed (4 th ) is higher than the revolving speed at the third speed (3 rd ), whereas 
the torque Tout of the output shaft 15 at the fourth speed (4 th ) is smaller than the torque at the third speed (3 rd ). 

45 [0252] In the case of the fifth speed (5 th ), the clutches C1 and C2 and the brake BO are coupled. The brake B2 is 
simultaneously coupled but does not participate in transmission of the power. In this state, the clutch CO is released, so 
that the revolving speed is increased by the sub-change gear unit 1 1 0. The revolving speed of the input shaft 14 of the 
transmission 1 00 is increased and transmitted to the input shaft 1 1 9 of the main change gear unit 1 20. The clutches C1 
and C2 are simultaneously coupled, so that the input shaft 119 and the output shaft 15 of the main change gear unit 

50 120 rotate at an identical revolving speed, like in the case of the fourth speed (4 th ). According to Equations (1) dis- 
cussed previously, the relation between the revolving speed and the torque of the input shaft 14 and the output shaft 
1 19 of the sub-change gear unit 110 is obtained, so as to determine the revolving speed and the torque of the output 
shaft 15. The revolving speed Nout of the output shaft 15 at the fifth speed (5 th ) is higher than the revolving speed at 
the fourth speed (4 th ), whereas the torque Tout of the output shaft 15 at the fifth speed (5 th ) is smaller than the torque 

55 at the fourth speed (4 th ) 

[0253] in the case of reverse speed (R), the clutch C2 and the brakes BO and B4 are coupled. In this state, the 
revolving speed of the input shaft 14 is increased by the sub-change gear unit 110 and linked directly with the sun gear 
132 of the second planetary gear unit 130 and the sun gear 142 of the third planetary gear unit 140. As described pre- 
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viousty, the ring gear 136 and the planetary carriers 144 and 154 have an identical revolving speed. The ring gear 146 
and the sun gear 1 52 also have an Identical revolving speed. The revolving speed of the ring gear 1 56 of the fourth plan- 
etary gear unit 1 50 becomes equal to zero by the function of the brake B4. Under such conditions, according to Equa- 
tions (1) discussed previously, the rotating conditions of the respective planetary gear units 130, 140, and 150 are 
5 determined unequivocally. At this moment, the output shaft 15 rotates in the negative direction to allow a reverse move- 
ment. 

[0254] As described above, the transmission 100 of the embodiment sets one selected out of the five forward 
speeds and one reverse speed to the position of the change-speed gear. The power input from the input shaft 14 is con- 
verted to a different combination of revolving speed and torque and output to the output shaft 15. The output power is 

10 defined by the increasing revolving speed and the decreasing torque in the sequence of the first speed (1 st ) to the fifth 
speed (5 th ). This is also true when a negative torque, that is, a braking force, is applied to the input shaft 14. In the case 
where a fixed braking force is applied to the input shaft 14 by means of the engine 10 and the motor 20, the braking 
force applied to the output shaft 15 decreases in the sequence of the first speed (1 st ) to the fifth speed (5 th ). The trans- 
mission 1 00 may have a variety of known structures other than the structure adopted in this embodiment The transmis- 

15 sion 100 may have a greater number of or a less number of forward speeds than five. 

[□255] The control unit 70 switches over the position of the change-speed gear in the transmission 100 according 
to the vehicle speed and other conditions. The driver manually operates a gearshift lever in the vehicle, so as to select 
a desired gearshift position and vary the available range of the change-speed gear. Fig. 5 shows an operation unit 160 
for selecting the gearshift position in the hybrid vehicle of this embodiment. The operation unit 160 is located along a 

20 longitudinal axis of the vehicle on the floor next to the driver's seat 

[0256] As shown in Fig. 5, the operation unit 1 60 has a gearshift lever 1 62. The driver slides the gearshift lever 162 
along the longitudinal axis of the vehicle, so as to select one among available gearshift positions. The available gearshift 
positions include a parking (P) position, a reverse (R) position, a neutral (N) position, a drive (D) position, a fourth posi- 
tion (4)," a third position (3), a second position (2), and a low position (L), which are arranged in this order from the for- 

25 ward of the vehicle. 

[0257] The parking (P), the reverse (R), and the neutral (N) positions correspond to the connection states shown in 
the table of Fig. 4. At the drive (D) position, the selected mode enables a drive using the first speed (1 st ) to the fifth 
speed (5 th ). At the fourth position (4), the selected mode enables a drive using the first speed (1 st ) to the fourth speed 
(4 th ). In a similar manner, the selected mode at the third position (3), the second position (2), and the low position (L) 
30 enables a drive using the first speed (1 st ) to the third speed (3 rd ), using the first speed (1 st ) to the second speed (2 nd ), 
and using only the first speed (1 st ), respectively. 

[0258] The operation unit 160 also has a sports mode switch 1 63, which is pressed on by the driver on the occa- 
sions of frequent acceleration and deceleration. The position of the change-speed gear in the transmission 100 is gen- 
erally set, based on maps, in which the possible speeds are mapped to combinations of the vehicle speed and the 
35 accelerator travel. When the sports mode switch 163 is in ON position, the maps are modified to set the lower speeds 
to the change -speed gear. 

[0259] The operation unit 160 used for selecting the gearshift position and setting the target deceleration is not 
restricted to the structure of the embodiment shown in Fig. 5, but may have any suitable structure according to the 
requirements. A manual transmission mode, which enables the driver to set the change-speed gear manually, may be 
40 provided in place of or together with the sports mode switch 1 63. In the structure having the manual transmission mode, 
the position of the change-speed gear may be set with the gearshift lever 162 or with a separate operation unit. An 
example of the separate operation unit has a speed up switch and a speed down switch mounted on a steering wheel 
in the vehicle. 

[0260] In the hybrid vehicle of the embodiment, the power output from the power sources like the engine 10 is also 
45 used to drive auxiliary machinery. In the structure of the hybrid vehicle shown in Fig. 1 , power-driven auxiliary machin- 
ery 82 is connected to the engine 1 0. The power-driven auxiliary machinery 82 is a generic term representing any aux- 
iliary machines driven with the power of the engine 10, for example, a compressor of an air conditioner and a pump for 
power steering. The power-driven auxiliary machinery 82 is linked via a belt with a pulley, which is attached to the crank- 
shaft 1 2 of the engine 1 0 via an auxiliary machinery clutch 1 9, and is driven by the rotational power of the crankshaft 1 2. 
so [0261] An auxiliary machinery driving motor 80 is connected to the power-driven auxiliary machinery 82. The aux- 
iliary machinery driving motor 80 is also connected with the fuel cell 60 and the battery 50 via a changeover switch 83. 
The auxiliary machinery driving motor 80 has a similar structure to that of the motor 20, and is driven with the power of 
the engine 1 0 to generate electric power. The battery 50 is chargeable with the electric power generated by the auxiliary 
machinery driving motor 80. The auxiliary machinery driving motor 80 receives supplies of electric power from the bat- 
es tery 50 and the fuel cell 60 to carry out power operation. In the hybrid vehicle of this embodiment, the operation of the 
engine 10 is stopped under predetermined conditions as discussed later. The power operation of the auxiliary machin- 
ery driving motor 80 enables the power-driven auxiliary machinery 82 to be driven even in the state of the engine 1 0 at 
a stop. While the engine 10 is at a stop, the power-driven auxiliary machinery 82 may alternatively be driven with the 
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power of the motor 20 in the state of the input clutch 1 8 in ON position. When the auxiliary machinery driving motor 80 
works to drive the power-driven auxiliary machinery 82, the auxiliary machinery clutch 19 between the engine 10 and 
the power-driven auxiliary machinery 82 Is released to reduce the loading of the auxiliary machinery driving motor 80. 
[0262] In the hybrid vehicle of the embodiment, the main energy output sources are engine 1 0 and the fuel cell 60. 

5 The electric power of the battery 50 is not mainly used to drive the hybrid vehicle and is thus not regarded as the main 
energy output source. The fuel cell 60 outputs electrical energy and also causes the motor 20 to carry out power oper- 
ation and thereby output mechanical energy to the drive shaft 1 5. The engine 1 0 outputs mechanical energy to the drive 
shaft 15 and also causes either the motor 20 or the auxiliary machinery driving motor 80 to work as the generator and 
thereby output electrical energy. The hybrid vehicle of the embodiment runs by properly using these two energy output 

10 sources as described later. Which of the energy output sources is to be used depends upon the conditions of the FC 
fuel. The hybrid vehicle of the embodiment has a display unit that informs the driver of the currently working energy out- 
put source, in order to ensure a smooth drive without making the driver feel uneasy. 

[0263] Fig. 6 shows an instrument panel in the hybrid vehicle of this embodiment. The instrument panel is placed 
in front of the driver like the standard vehicle. A fuel gauge 202 of gasoline, a fuel gauge 203 for the fuel cell 60, and a 

is speedometer 204 are disposed on the left side of the instrument panel seen from the driver. An engine temperature 
gauge 208 and a tachometer 206 are disposed on the right side of the instrument panel. The fuel gauge 202 forthe fuel 
cell 60 has left and right pointers respectively representing the remaining quantities of methanol and water used for 
reforming. A gearshift position indicator 220 is arranged on the center of the instrument panel to display the gearshift 
position. Direction indicators 21 0L and 21 OR are set on the left and right sides of the gearshift position indicator 220. 

20 An EV drive indicator 222 is provided above the gearshift position indicator 220. The EV drive indicator 222 lights up 
during the power operation of the motor 20. 

[0264] In the hybrid vehicle of the embodiment, the control unit 70 controls the operations of the engine 10, the 
motor 20, the torque converter 30, the transmission 100, and the auxiliary machinery driving motor 80 (see Fig. 1). The 
control unit 70 is constructed as a one-chip microprocessor including a CPU, a RAM, and a ROM. The CPU carries out 
25 various control operations discussed below according to programs recorded in the ROM. A variety of input and output 
signals are connected to the control unit 70, in order to implement the control operations. Fig. 7 shows connections of 
input and output signals into and from the control unit 70. The left side of Fig. 7 shows the signals input into the control 
unit 70, whereas the right side shows the signals output from the control unit 70. 

[0265] The signals input into the control unit 70 are received from various switches and sensors. The input signals 
so represent, for example, the remaining quantity FCL of the FC fuel, the temperature of the fuel cell 60, the speed of the 
engine 10, the water temperature in the engine 10, the on-off state of an ignition switch, the remaining charge SOC of 
the battery 50, the temperature of the battery 50, the vehicle speed, the oil temperature of the torque converter 30, the 
gearshift position, the on-off state of a parking brake, the amount of actuation of a brake pedal, the temperature of a 
catalyst for converting the exhausts of the engine 1 0, the travel of the accelerator, the on-off state of the sports mode 
35 switch 163, and the acceleration of the vehicle. There are lots of other signals input into the control unit 70, though not 
specifically illustrated here. 

[0266] The signals output from the control unit 70 are used to control the engine 10, the motor 20, the torque con- 
verter 30, the transmission 100, and the other constituents. The output signals include, for example, an ignition signal 
to regulate the ignition timing of the engine 10, a fuel injection signal to control the fuel injection, an auxiliary machinery 

40 driving motor control signal to control the operations of the auxiliary machinery driving motor 80, a motor control signal 
to control the operations of the motor 20, a transmission control signal to set the position of the change-speed gear in 
the transmission 100, an AT solenoid signal and an AT line pressure control solenoid signal to regulate the hydraulic 
pressure in the transmission 100, an input clutch control solenoid signal to control the input clutch 1 8 on and off to allow 
and forbid transmission of power from the engine 10 to the motor 20, an AT lock-up control solenoid signal to lock the 

45 torque converter 30 up, an AT power-driven hydraulic pump signal to regulate the power-driven hydraulic pump 102, a 
control signal of the changeover switch 84 to change over the electric power supply of the motor 20, a control signal of 
the changeover switch 83 to change over the electric power supply of the auxiliary machinery driving motor 80, and a 
control signal of the fuel cells system 60. The control unit 70 outputs lots of other signals, though not specifically illus- 
trated here. 

so 

B. General Operations 

[0267] The following describes the general operations of the hybrid vehicle of the embodiment. As described previ- 
ously with Fig. 1 , the hybrid vehicle of the embodiment includes the engine 1 0 and the motor 20 as the power sources 
55 thereof. The control unit 70 uses at least either one of the power sources, based on the driving conditions of the vehicle, 
that is, the vehicle speed and the torque. Which of the power sources is to be used has previously been set in the form 
of a map in the ROM of the control unit 70. 

[0268] Fig. 8 is a map showing the working power source to be used according to the driving conditions of the vehi- 
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cle. In an area MG, the hybrid vehicle runs with the motor 20 as the working power source. In a residual area EG other 
than the area MG, the hybrid vehicle runs with the engine 1 0 as the working power source. The drive In the former area 
Is hereinafter referred to as the EV drive, and the drive In the latter area is referred to as the engine drive. The hybrid 
vehide constructed as shown in Fig. 1 may run with both the engine 1 0 and the motor 20 as the working power sources, 
s but there is not such a drive area in this embodiment The area of the EV drive is set to have a high driving efficiency 
by taking into account the working efficiencies of the engine 10 and the motor 20 and the possible ranges of power out- 
put from the respective power sources. 

[0269] Referring to the map of Fig. 8, the hybrid vehicle of the embodiment starts by the EV drive. In the area of the 
EV drive, the hybrid vehicle runs in the state of the input clutch 18 in OFF position. At the time point when the hybrid 

10 vehicle starting by the EV drive reaches a driving state in the vicinity of the boundary between the MG area and the EG 
area in the map of Fig. 8, the control unit 70 changes the input clutch 18 to ON position and starts the engine 10. The 
input clutch 18 in ON position enables the engine 10 to be rotated by the motor 20. The control unit 70 instructs the fuel 
injection and the ignition at a specific timing when the speed of the engine 1 0 rises to a preset level. The control unit 70 
also controls the VVT mechanism to change the open and close timings of the intake valve and the exhaust valve to the 

15 timings suitable for the operations of the engine 10. 

[0270] Once the engine 10 starts, the hybrid vehicle runs only with the engine 10 as the working power source in 
the EG area. On the start of a drive in the EG area, the control unit 70 shuts down all the transistors included in the 
driving circuits 51 and 52. This makes the motor 20 at a race. 

[0271] The control unit 70 changes over the working power source according to the driving conditions of the vehicle 

20 and simultaneously switches over the speed of the transmission 100. Like the change-over of the working power 
source, the switch-over of the speed is based on a map, in which available speeds are mapped to the respective driving 
conditions of the vehicle.. Different maps are provided for the respective gearshift positions. The map of Fig. 8 also 
shows available speeds mapped to the respective driving conditions of the vehicle at the drive position (D), the fourth 
position (4), and the third position (3). As clearly understood from this map, the control unit 70 switches over the speed 

25 to decrease the gear ratio with an increase in vehicle speed. 

[0272] In a drive at the drive position (D), the speeds up to the fifth speed (5 th ) in the map of Fig. 8 are available for 
the change-speed gear. In a drive at the fourth position (4), the speeds up to the fourth speed (4 th ) in the map of Fig. 8 
are available for the change-speed gear. At the position 4, the 4 th speed is used even in the area of the 5 th speed in the 
map of Fig. 8. In a drive at the third position (3), the speeds up to the third speed (3 rd ) in the map of Fig. 8 are available 

30 for the change-speed gear. 

[0273] At the second position (2) and the low position (L), different maps intrinsic to the respective gearshift posi- 
tions are used to control the change-speed gear. Fig. 9 is a map showing the available speeds mapped to the respective 
driving conditions of the vehicle at the position 2. At the position 2, the first speed (1 st ) and the second speed (2 nd ) are 
available for the change-speed gear In the map of Fig. 9 with regard to the position 2, the boundary on which the 

35 change-speed gear is switched over between the 1 31 speed and the 2 nd speed is identical with the boundary in the map 
of Rg. 8 with regard to the position D. The difference between the position 2 and the position D is the range of the MG 
area. 

[0274] At the position 2, since the 3 rd speed is not available, a hatched area of Fig. 9, in which the 3 rd speed is used 
in the corresponding map of Fig. 8 with regard to the position D, may be omitted from the MG area. The technique of 

40 this embodiment, however, sets a wider MG area including the hatched area at the position 2. The curve of dotted line 
in Fig. 9 is given for the purpose of comparison with the map of Rg. 8 with regard to the position D. The curve of dotted 
line represents the boundary between the 2 nd speed and the 3 rd speed in the map with regard to the position D. Extend- 
ing the area corresponding to the 2 nd speed in the MG area enables the motor 20 to be sufficiently used as the power 
source at the position 2, thereby improving the fuel consumption of the hybrid vehicle. It is preferable that the area cor- 

45 responding to the 2 nd speed is set by taking into account the rating of the motor 20, in order to ensure the drive feeling 
in the extended area (that is, the hatched area in Fig. 9) substantially equivalent to the drive feeling in the corresponding 
area at the position D. 

[0275] Fig. 1 0 is a map showing the available speed according to the driving conditions of the vehicle at the position 
L. Only the 1 st speed is available for the change-speed gear at the position L Because of the same reasons as dis- 

so cussed above with regard to the map at the position 2, the range of the MG area at the position L is different from the 
range at the position 2. The MG area at the position L is set to be greater than the area corresponding to the 1 st speed 
in the MG area in the map of Fig. 9 with regard to the position 2. Fig. 1 1 is a map showing the available speed according 
to the driving conditions of the vehicle at the position R. Since the vehicle drives back at the position R, the range of the 
MG area is set independently of the maps at the gearshift positions of forward drive. 

55 [0276] A kick-down speed control is performed, other than the general switch-over of the speed according to the 
map. The kick-down speed control shifts the change-speed gear to the higher speed having a higher gear ratio in 
response to an abrupt step-on of the accelerator pedal by the driver. In the case of the sports mode switch 163 in ON 
position, the respective maps are modified to extend the areas of the lower speeds having lower gear ratios. The proc- 
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ess of such switch-over control follows the control procedure carried out in a conventional vehicle that uses only the 
engine as the power source and has an automatic transmission. A variety of settings other than those shown In Figs. 8 
through 1 1 may be applied for the relationship between the available speeds and the driving conditions of the vehicle, 
according to the gear ratio of the transmission 1 00. 

5 [0277] In the maps of Figs. 8 through 11, the EV drive and the engine drive are selectively used according to the 
driving conditions of the vehicle. The control unit 70 of the embodiment also provides other maps, in which the hybrid 
vehicle runs by the engine drive in the whole drive area. These maps are similar to those of Figs. 8 through 11, except 
that the areas of the EV drive, that is, the areas MG, are omitted. In these other maps, for the purpose of the improved 
fuel consumption, the operation of the engine 1 0 is stopped in principle while the hybrid vehicle is at a stop. 

10 [0278] The following describes the reason why the two different maps are provided for each gearshift position. The 
EV drive requires electric power. In the case where the fuel cells system 60 ensures a sufficient supply of electric power, 
the control unit 70 selectively uses the EV drive and the engine drive in each drive area. In the case where the fuel cells 
system 60 can not ensure a sufficient supply of electric power, on the other hand, the EV drive is not suitable, so that 
the hybrid vehicle runs by the engine drive in any drive area. When the hybrid vehicle falls into a state that does not 

15 ensure a sufficient supply of electric power after the start of the vehicle by the EV drive, the control unit 70 sets the 
engine drive even if the driving state of the vehicle is within the MG area. The details of such control will be discussed 
later. 

[0279] The hybrid vehicle of the embodiment has two braking mechanisms, that is, wheel braking applied in 
response to a step-on operation of the brake pedal by the driver and power source braking with the torques applied from 

20 the engine 1 0 and the motor 20. The braking with the torque applied from the motor 20 is generally called the regener- 
ative braking. This braking procedure causes the motor 20 to recover the kinetic energy of the hybrid vehicle in the form 
of electric power. The battery 50 is charged with the recovered electric power. The power source braking is applied 
when the driver releases the step-on of the accelerator pedal. The step'on operation of the brake pedal causes the 
braking force, that is, the sum of the power source braking and the wheel braking, to be applied to the vehicle. 

25 [0280] In the hybrid vehicle of the embodiment, the control unit 70 controls the engine 10 and the motor 20, so as 
to enable the drives discussed above. The control unit 70 executes the control operations provided for the various drive 
modes of the vehicle. The following describes the details of the control processes carried out in typical drive modes in 
the hybrid vehicle of the embodiment 

30 C. EV Drive Control Process 

[0281] Rg. 12 is a flowchart showing an EV drive control routine, which is periodically executed by the CPU in the 
control unit 70 at preset time intervals. When the program enters the EV drive control routine of Rg. 12, the CPU first 
receives the inputs regarding the driving conditions of the vehicle at step S10. The concrete processing of step S10 
35 receives the inputs from the variety of sensors shown in Fig. 7. Among the diversity of inputs, the pieces of information 
on the gearshift position, the vehicle speed, the accelerator travel, and the remaining quantity FCL of the FCfuel for the 
fuel cell 60 are especially involved in the subsequent processing. 

[0282] The CPU subsequently selects the drive mode based on the input remaining quantity FCL of the FC fuel at 
step S20. In the case where the input remaining quantity FCL is not less than a predetermined level Fth1, the CPU 

40 determines that the fuel cells are available for the drive and thereby selects a hybrid mode at step S30. The setting of 
the predetermined level Fth1 will be described later. The hybrid mode has the MG area, in which the hybrid vehicle runs 
with the power of the motor 20, as shown in the maps of Figs. 8 through 1 1 . In the case where the input remaining quan- 
tity FCL is less than the predetermined level Fth1, on the other hand, the CPU determines that the fuel cells are not 
available for the drive and thereby selects a non hybrid mode at step S40. The selection of the non'hybrid mode causes 

45 the hybrid vehicle to run with the engine 1 0 as the working power source in the whole drive area. The operation of the 
engine 10 is stopped in principle while the hybrid vehicle is at a stop. The non-hybrid mode is equivalent to the setting 
in which the MG area shown in Fig. 8 is narrowed to the range under the stationary conditions of the hybrid vehicle (that 
is, both the vehicle speed and the accelerator travel are equal to zero). In the case of selection of the non-hybrid mode, 
the maps of Figs. 8 through 1 1 are replaced by the maps including the MG area narrowed to the range under the sta- 

50 tionary conditions of the hybrid vehicle. The technique of the embodiment selects the hybrid mode and the non-hybrid 
mode in this manner. The MG area in the map used in the non -hybrid mode is shown as an area MG 1 by the broken line 
in Fig. 8. In the non-hybrid mode, this MG' area is applied for each gearshift position. 

[0283] After setting the drive mode based on the remaining quantity FCL of the FC fuel, the CPU determines 
whether or not the current driving state of the vehicle corresponds to the MG area at step S60. The MG area is defined 
55 by the relationship between the vehicle speed and the accelerator travel with regard to each gearshift position as shown 
in the maps of Figs. 8 through 1 1 . In the case of selection of the hybrid mode, the CPU determines whether or not the 
current driving state of the vehicle corresponds to the MG area, based on the various pieces of information input at step 
S10. In the case of selection of the non-hybrid mode, on the other hand, the maps with the narrowed range of the MG 
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area, that is, with the MG' area shown in rig. B, are used in place of the maps of Figs. 8 through 1 1 . Namely it is deter- 
mined that only the driving state of the vehicle that Is at a stop corresponds to the MG area. 

[0284] When it is determined at step S50 that the current driving state of the vehicle corresponds to the MG area, 
the CPU sets the motor 20 as the working power source at step S60, in order to implement the EV drive. Here the motor 

5 20 is driven in the following manner. The concrete procedure of step S60 first regulates the changeover switch 84 of the 
electric power supply, so as to connect the fuel cell 60 with the motor 20. The procedure then sets on a flag, which rep- 
resents allowance or prohibition of a drive of the motor 20, and specifies the target driving conditions of the motor 20, 
that is, the target revolving speed and the target torque of the motor 20. In the technique of this embodiment, the motor 
20 is actually driven according to a separate control routine. The processing of step S60 thus carries out the setting of 

10 data, which are to be transferred to the separate control routine. The target revolving speed is specified by multiplying 
the vehicle speed input at step S10 by the gear ratio of the transmission 1 00 and the gear ratio of the differential gear 
1 6. The target torque is specified in a map, which has been set in advance according to the vehicle speed and the accel- 
erator travel. The target driving conditions specified in this manner are transferred to the separate control routine, so 
that the motor 20 is driven under the target driving conditions. 

is [0285] The control process of driving the motor 20 is described with the flowchart of Fig. 13, which shows a motor 
drive control routine. When the program enters the motor drive control routine, the CPU first determines at step S1 
whether or not a drive flag, which allows a drive of the motor 20, is set on. When the drive flag of the motor 20 is off, the 
CPU determines that the motor 20 is not to be driven and exits from the motor drive control routine without any further 
processing. 

20 [0286] When the drive flag of the motor 20 is set on, on the other hand, the CPU receives the inputs regarding the 
target driving conditions of the motor 20, that is, the target revolving speed and the target torque of the motor 20, at step 
S2. The target driving conditions have been set in advance by the EV drive control routine shown in the flowchart of Fig. 
12 or another drive control routine. The CPU sets voltages Vd and Vq to be applied to the motor 20, based on the input 
target driving conditions at step S3. The voltages Vd and Vq respectively represent the voltages in the directions of the 

25 d axis and the q axis in the motor 20. in this embodiment, a known vector control procedure is applied to control the 
synchronous motor. The vector control procedure regards the voltages in the directions of the d axis and the q axis 
rotating with a rotation of the rotor as essential parameters for regulating the output torque of the motor 20. These volt- 
ages have been set in advance according to the target revolving speed and the target torque and stored in the form of 
a table. The CPU refers to the table and reads the voltages Vd and Vq to be applied to the motor 20 corresponding to 

30 the target driving conditions input at step S2. 

[0287] After setting the voltages Vd and Vq in the directions of the d axis and the q axis, the CPU converts the volt- 
ages Vd and Vq into voltages to be applied to the respective coils of the U, V, and W phases of the motor 20 at step S4. 
This conversion is referred to as the two phase-to-three phase conversion. The conversion is implemented by multiply- 
ing the voltages Vd and Vq in the directions of the d axis and the q axis by a known matrix corresponding to the rotating 

35 position of the rotor. At subsequent step S5, the CPU carries out PWM control of the transistors, based on the respec- 
tive phase voltages thus specified. The PWM control regulates the on-off ratio of the respective transistors connected 
to the respective phases, based on the voltages. The CPU accordingly controls the operation of the motor 20. 
[0288] Referring back to the flowchart of Fig. 1 2, the description again regards the EV drive control process. As dis- 
cussed previously, the hybrid vehicle runs only with the motor 20 as the working power source in the MG area. When 

40 the motor 20 is set as the working power source by the above procedure, the CPU carries out the processing to stop 
the operation of the engine 1 0 at step S70. The concrete procedure of step S70 sets off a flag, which represents allow- 
ance or prohibition of a drive of the engine 10. The operation of the engine 10 is actually stopped according to a sepa- 
rate engine operation control routine. When the hybrid vehicle runs by the EV drive, the EV drive indicator 222 lights up 
to inform the driver of the execution of the EV drive. 

45 [0289] The technique of this embodiment takes into account the characteristics of the fuel cell 60 and uses the bat- 
tery 50 transiently at the beginning of the drive of the fuel cell 60 when the motor 20 is set as the working power source 
at step S60. The fuel cell 60 utilizes the electrochemical reactions and generally has a time delay between the issuance 
of the requirement for power generation and the actual supply of desired electric power. At the beginning of the drive of 
the fuel cell 60, there is a fair possibility that the fuel cell 60 can not generate a sufficient quantity of electric power 

so required for the drive. The technique of the embodiment uses the battery 50 to compensate for the insufficiency of elec- 
tric power generated by the fuel cell 60, thereby eliminating the adverse effects due to the time delay. When the fuel cell 
60 enables the output of desired electric power, the fuel cell 60 is set as the only working electric power supply. In order 
to attain such control, the motor 20 is connected to both the battery 50 and the fuel cell 60, and the switching of the 
respective driving circuits 51 and 52 is controlled to gradually vary the voltages output from the respective electric 

55 power supplies. One modified procedure may use only the fuel cell 60 as the working electric power supply, irrespective 
of the time delay. 

[0290] When it is determined at step S50 that the current driving state of the vehicle does not correspond to the MG 
area, on the contrary, the CPU sets the engine 1 0 as the working power source at step S80 and carries out the process- 
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ing to stop the operation of the motor 20 at step S90. The concrete procedure of steps SBO and S90 sets off the flag, 
which represents allowance or prohibition of the drive of the motor 20, and sets on the flag, which represents allowance 
or prohibition of the drive of the engine 1 0. The target driving conditions of the engine 1 0 are set according to the vehicle 
speed and the accelerator travel. The CPU repeatedly executes the series of the processing, so as to control the EV 
s drive. 

[0291] The predetermined level Fth1 used as the criterion in the EV drive control routine is set in the following man- 
ner The predetermined level Fthi is a threshold value used to determine whether or not the fuel cell 60 is available as 
the working electric power supply. An arbitrary value of greater than zero is set to the predetermined level Fth1 . When 
the predetermined level Fth1 is set equal to zero, the fuel cell 60 is used as the working electric power supply as long 

10 as the FC fuel remains. When only the EV drive is to be considered, setting the predetermined level Fth1 equal to zero 
is desirable for the improved driving efficiency and environmental properties. In the case of setting the predetermined 
level Fth1 equal to zero, however, if there is a requirement of using the fuel cell 60 in another drive mode, the fuel cell 
60 may not be used as the electric power supply since the FC fuel has been used up in the EV drive mode. 
[0292] The technique of this embodiment takes into account the drive modes other than the EV drive mode and 

15 sets a positive value to the predetermined level Fth1 in the EV drive control routine of Fig. 12. Such setting of the pre- 
determined level Fth1 effectively prevents the FC fuel for the fuel cell 60 from being completely used up. In the hybrid 
vehicle of the embodiment, the electric power supply is required in a variety of drive modes other than the EV drive 
mode. For the better driving efficiency and environmental properties, some drive mode has a higher demand for the 
electric power supply than the EV drive mode. In order to enable the fuel cell 60 to be used as the working electric power 

20 supply in such a drive mode, the technique of the embodiment restricts the consumption of the FC fuel for the fuel cell 
60 in the EV drive mode. Namely the fuel cell 60 is used as the working electric power supply only when the remaining 
quantity FCL of the FC fuel is not less than the predetermined level Fthi , that is, only when there is some margin of the 
FC fuel. 

[0293] The above control procedure appropriately selects one of the hybrid mode and the non-hybrid mode accord- 
25 ing to the remaining quantity FCL of the FC fuel and causes the hybrid vehicle to be driven in the selected mode. The 
remaining quantity FCL of the FC fuel is one of the parameters that represent the power generation sustaining ability of 
the fuel cell 60. In the control procedure of the embodiment, when the remaining quantity FCL of the FC fuel is less than 
the predetermined level Fthi and it is determined that the output sustaining ability of the fuel cell 60 is lowered, the driv- 
ing state of the hybrid vehicle is changed to the non-hybrid mode. This procedure restricts the use of the fuel cell 60. 
30 The arrangement effectively prevents the FC fuel from being excessively consumed in the EV drive mode and enables 
the fuel cell 60 to be used as the electric power supply in other drive modes. This enables the fuel cell 60 to be used in 
the drive mode of high effectiveness and thereby improves the driving efficiency and the environmental properties of 
' the hybrid vehicle. 

[0294] The above control procedure selects either one of the hybrid mode and the non- hybrid mode according to 
35 the remaining quantity FCL of the FC fuel. One modified procedure gradually narrows the range of the MG area accord- 
ing to the remaining quantity FCL of the FC fuel. When the remaining quantity FCL of the FC fuel is lowered to or below 
a preset level, for example, the MG area is narrowed to the range defined by the one-dot chain line in Fig. 8. With a fur- 
ther decrease in remaining quantity FCL, the MG area is further narrowed. The engine generally has poor fuel con- 
sumption at the time of starting the hybrid vehicle. This modified procedure desirably restricts the consumption of the 
40 FC fuel, while enabling the hybrid vehicle to run by the EV drive at the time of start. The range of the MG area may be 
nan-owed in a stepwise manner or in a continuous manner according to the remaining quantity FCL of the FC fuel. In 
any case, with a decrease in remaining quantity FCL of the FC fuel, the area of higher driving efficiency of the engine 
in the previous range of the MG area is replaced by the engine drive area. The reduction of the MG area is desirable 
from the viewpoint of the better driving efficiency. 

45 

D. Auxiliary Machinery Drive Control Process 

[0295] Fig. 14 is a flowchart showing an auxiliary machinery drive control routine. As discussed above with Fig. 1 , 
in the hybrid vehicle of the embodiment, the power-driven auxiliary machinery 82 is driven with the power of the engine 

so 1 0 and the auxiliary machinery driving motor 80. The auxiliary machinery drive control routine controls the use of the 
power sources to drive the power-driven auxiliary machinery 82. This routine is periodically executed by the CPU in the 
control unit 70 at preset time intervals. When the program enters the routine, the CPU first receives the inputs regarding 
the driving conditions of the vehicle at step S1 10. The concrete processing of step S1 10 receives the inputs from the 
variety of sensors shown in Fig. 7. Among the diversity of inputs, the pieces of information on the gearshift position, the 

55 vehicle speed, the accelerator travel, and the remaining quantity FCL of the FC fuel for the fuel cell 60 are especially 
involved in the subsequent processing. 

[0296] The CPU then determines whether or not the current driving state of the vehicle corresponds to the MG area 
at step SI 20. The details of the determination are identical with those discussed in the EV drive control routine. When 
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it is determined at step S 120 that the current driving state does not correspond to the MG area, it means that the engine 
1 0 is being driven. In this case, it Is possible to drive the power-driven auxiliary machinery 82 with the power of the 
engine 10. The CPU accordingly exits from the auxiliary machinery drive control routine without any further processing. 
[0297] When it is determined at step SI 20 that the current driving state corresponds to the MG area, on the other 

5 hand, the operation of the engine 1 0 is stopped in principle. While the engine 10 is at a stop, it is required to drive the 
auxiliary machines, such as the air conditioner and the power steering. In the MG area, if there is an available electric 
power supply, the power-driven auxiliary machinery B2 is driven by the auxiliary machinery driving motor 80. In order to 
determine whether or not the fuel cell 60 is available to drive the power-driven auxiliary machinery 62, the CPU com- 
pares the observed remaining quantity FCL of the FC fuel with a predetermined level Fth2 at step S130. The setting of 

10 the predetermined level Fth2 will be discussed later. 

[0298] In the case where the remaining quantity FCL is not less than the predetermined level Fth2 at step S130, 
the CPU carries out the processing to drive the auxiliary machinery driving motor 80 with the fuel cell 60 used as the 
electric power supply at step S140. The concrete procedure of step S140 first regulates the changeover switch 83 of 
the electric power supply, so as to connect the fuel ceil 60 with the auxiliary machinery drive motor 80. The procedure 

is then sets on a flag, which represents allowance or prohibition of a drive of the auxiliary machinery driving motor 80, and 
specifies the target driving conditions of the auxiliary machinery driving motor 80, that is, the target revolving speed and 
the target torque of the auxiliary machinery driving motor 80. In order to reduce the loading of the auxiliary machinery 
driving motor 80, the procedure releases the auxiliary machinery clutch 19, which connects the engine 10 with the 
power-driven auxiliary machinery 82. 

20 [0299] In the technique of the embodiment, the auxiliary machinery driving motor 80 is actually driven according to 
a separate control routine. The processing of step S1 40 thus carries out the setting of data, which are to be transferred 
to the separate control routine. Specific values, which have been determined in advance according to the auxiliary 
machine to be driven, are set to the target revolving speed and the target torque of the auxiliary machinery driving motor 
80. The target driving conditions specified in this manner are transferred to the separate control routine, so that the aux- 

25 iltary machinery driving motor 80 is driven under the target driving conditions. The control process of the auxiliary 
machinery driving motor 80 is identical with the control process of the motor 20 shown in the flowchart of Fig. 13. While 
the auxiliary machinery driving motor 80 is used to drive the power-driven auxiliary machinery 82, the CPU carries out 
the processing to stop the operation of the engine 1 0 at step S150. The concrete procedure of step S150 sets off the 
flag, which represents allowance or prohibition of a drive of the engine 10. The operation of the engine 10 is actually 

30 stopped according to a separate engine operation control routine. 

[0300] When the fuel cell 60 is selected as the working electric power supply, as in the case of the EV drive control 
routine discussed above, the battery 50 is used as the auxiliary electric power supply by taking into account a response 
delay of the fuel cell 60 to output electric power in the auxiliary machinery drive control routine. The battery 50 is used 
to compensate for the insufficiency of electric power output from the fuel cell 60. When the fuel cell 60 enables the out- 

35 put of desired electric power, the changeover switch 83 is regulated to set the fuel cell 60 as the only working electric 
power supply. 

[0301] In the case where the remaining quantity FCL of the FC fuel is less than the predetermined level Fth2 at step 
S1 30, on the other hand, the fuel cell 60 is not used as the working electric power supply. In this case, there is no avail- 
able electric power supply. The CPU accordingly carries out the processing to drive the power-driven auxiliary machin- 

4Q ery 82 with the engine 10 used as the power source at step S1 60. The concrete procedure of step S160 sets off the 
flag, which represents allowance or prohibition of a drive of the auxiliary machinery driving motor 80, and sets on the 
flag, which represents allowance or prohibition of a drive of the engine 10. The auxiliary machinery clutch 19 is then 
coupled to enable the power output from the engine 1 0 to be transmitted to the power-driven auxiliary machinery 82. 
The CPU repeatedly executes the series of the processing to control the operation of the power-driven auxiliary machin- 

45 ery 82. 

[0302] The processing of step Si 60 causes the engine 10 to be driven, but it is not always required to output the 
power of the engine 10 to the axle 1 7. For example, while the hybrid vehicle is at a stop, the output of power from the 
engine 10 to the axle 17 is not required. It is, however, required to drive the powen'driven auxiliary machinery 82 even 
while the hybrid vehicle is at a stop. In the technique of the embodiment, the processing of step S1 60 also regulates the 

so input clutch 18 disposed between the engine 10 and the motor 20. Namely the procedure determines whether or not 
the output of powerfrom the engine 1 0 to the axle 1 7 is required, and couples the input clutch 1 B in the case where the 
output of power is required. The procedure releases the input clutch 18, on the contrary, in the case where the output 
of power is not required. The object of this control is to enable the engine 1 0 to drive the power-driven auxiliary machin- 
ery 82 efficiently. One possible modification keeps the input clutch 1 8 in the coupling state, irrespective of the require- 

55 ment of the power output to the axle 1 7. 

[0303] The predetermined level Fth2 used as the criterion in the auxiliary machinery drive control routine is set in 
the following manner. The predetermined level Fth2 is a threshold value used to determine whether or not the fuel cell 
60 is available as the working electric power supply to drive the power-driven auxiliary machinery 82. An arbitrary value 
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of greater than zero is set to the predetermined level Rh2. When the predetermined level Fth2 is set equal to zero, the 
fuel cell 60 Is used as the working electric power supply as long as the FC fuel remains. The technique of the embodi- 
ment sets the predetermined level Fth2 by taking Into account the relation to the predetermined level Fth1 used as the 
criterion in the EV drive control routine. 

5 [0304] In the case where the non-hybrid mode is selected in the EV drive control routine, the remaining quantity 
FCL of the FC fuel is less than the predetermined level Fth1 . In the technique of this embodiment, in order to improve 
the driving efficiency of the hybrid vehicle as much as possible even in such cases, the operation of the engine 10 is 
stopped while the hybrid vehicle is at a stop. In other words, it is determined that the driving state of the hybrid vehicle 
that is at a stop corresponds to the MG area in the non-hybrid mode. If the predetermined level Fth2 is set greater than 

io the predetermined level Fth1, the condition of step SI 30 is always unsatisfied, and the power-driven auxiliary machin- 
ery 82 is driven by the engine 10 at step S1 60. The predetermined level Fth2 should thus be smaller than the predeter- 
mined level Fth1 , in order to improve the driving efficiency of the hybrid vehicle in the non-hybrid mode by stopping the 
operation of the engine 1 0 while the hybrid vehicle is at a stop. 

[0305] In the case where the hybrid mode is selected in the EV drive control routine, on the other hand, the re main - 
is ing quantity FCL of the FC fuel is not less than the predetermined level Fth1. If the predetermined level Fth2 is set 
smallerthan the predetermined level Fth1 , the condition of step S130 is always satisfied. As long as the FC fuel remains 
to enable the EV drive, the power-driven auxiliary machinery 82 is driven with the electric power of the fuel cell 60. This 
preferably improves the driving efficiency of the hybrid vehicle. 

[0306] As described above, the technique of the embodiment sets the predetermined level Fth2 used as the crite- 
20 rion in the auxiliary machinery drive control routine to be less than the predetermined level Fth1 used as the criterion in 
the EV drive control routine. Namely the fuel cell 60 is used preferentially in the auxiliary machinery drive control routine 
over in the EV drive control routine. Even in the case of selection of the non-hybrid mode, this procedure enables the 
power-driven auxiliary machinery 82 to be driven with the electric power output from the fuel cell 60 until the FC fuel is 
consumed to or below the predetermined level Fth2. This arrangement checks the drive of the engine 10 and desirably 
25 improves the driving efficiency and the environmental properties of the hybrid vehicle. In a possible modification, the 
predetermined level Fth2 may be set independently of the predetermined level Fth1 . 

[0307] The auxiliary machinery drive control routine discussed above selectively uses either the fuel cell 60 or the 
engine 10 as the working energy output source to drive the power-driven auxiliary machinery 82 according to the 
remaining quantity FCL of the FC fuel. In the case where the output sustaining ability of the fuel cell 60 is lowered, the 

30 engine 10 is used to drive the power-driven auxiliary machinery 82. This procedure restricts the use of the fuel cell 60. 
The arrangement effectively prevents the FC fuel from being excessively consumed in the process of driving the power- 
driven auxiliary machinery 82 and enables the fuel cell 60 to be used as the electric power supply in other drive modes. 
This enables the fuel cell 60 to be used in the drive mode of high effectiveness and thereby improves the driving effi- 
ciency and the environmental properties of the hybrid vehicle. » 

35 [0308] The above control procedure selectively uses the fuel cell 60 or the engine 1 0 as the energy output source 
to drive the power-driven auxiliary machinery 82. One modified procedure gradually varies the output ratio of the fuel 
cell 60 to the engine 1 0 according to the remaining quantity FCL of the FC fuel. For example, when the remaining quan- 
tity FCL of the FC fuel decreases to or below a preset level, the modified control procedure starts the operation of the 
engine 10 while reducing the output of the fuel cell 60, so as to drive the power-driven auxiliary machinery 82 with the 

40 power of both the auxiliary machinery driving motor 80 and the engine 1 0. With a further decrease in remaining quantity 
FCL, the output of the fuel cell 60 is gradually decreased, and the power-driven auxiliary machinery 82 is eventually 
driven only with the power of the engine 10. The output ratio may be varied in a stepwise manner or in a continuous 
manner according to the remaining quantity FCL of the FC fuel. 

45 E. Charging Control Process 

[0309] Fig. 15 is a flowchart showing a charging control routine, which controls the charge level of the battery 50 to 
a preset state. The hybrid vehicle of the embodiment drives the motor 20 by the regenerative operation and thereby 
causes the kinetic energy of the vehicle to be regenerated in the form of electric power in the course of braking. The 

50 battery 50 is charged with the regenerated electric power. The electric power of the battery 50 is, however, consumed 
continuously by the operation of the control unit 70, the operation of power-driven equipment, such as lighting equip- 
ment, and the spontaneous discharge. When the remaining charge of the battery 50 decreases to or below an insuffi- 
cient level under such circumstances, the charging control routine functions to charge the battery 50 either with the fuel 
cell 60 or the engine 10 used as the energy output source. 

55 [031 0] When the program enters the charging control routine of Fig. 1 5, the CPU first receives the inputs regarding 
the driving conditions of the vehicle at step S210. The concrete processing of step S210 receives the inputs from the 
variety of sensors shown in Fig. 7. Among the diversity of inputs, the pieces of information on the gearshift position, the 
remaining charge SOC of the battery 50, the vehicle speed, the accelerator travel, and the remaining quantity FCL of 
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the FC fuel for the fuel cell 60 are especially involved in the subsequent processing. The CPU then compares the 
observed remaining quantity FCL of the FCfuel with a predetermined level Fth3 at step S220. The predetermined level 
Fth3 used as the criterion In the charging control routine is set In the following manner. The predetermined level Fth3 is 
a threshold value used to determine whether or not the fuel cell 60 is available to charge the battery 50. An arbitrary 
5 value of greater than zero is set to the predetermined level Fth3. This arrangement enables the selection of the charging 
process of the battery 50 according to the remaining quantity FCL of the FC fuel, that is, according to the output sus- 
taining ability of the fuel cell 60. 

[0311] In the case where the remaining quantity FCL of the FC fuel is not less than the predetermined level Fth3 at 
step S220, the program determines that the fuel cell 60 has a sufficient output sustaining ability and carries out the 

w processing to cause the battery 50 to be charged with the electric power output from the fuel cell 60. At step S230, the 
CPU substitutes a predetermined reference value LOI into a variable SLO, which is used as the criterion of determining 
whether or not the battery 50 is to be charged. The setting of the reference value LOI will be described below. The CPU 
then compares the observed remaining charge SOC of the battery 50 with the variable SLO at step S240. In the case 
where the remaining charge SOC of the battery 50 is less than the variable SLO, the control procedure regulates the 

is changeover switch 84 to connect the fuel cell 60 with the battery 50 and causes the battery 50 to be charged with the 
electric power generated by the fuel cell 60 at step S250. In the case where the remaining charge SOC of the battery 
50 is not less than the variable SLO, on the other hand, the CPU exits from the charging control routine without charging 
the battery 50. 

[0312] As described above, the charging operation of the battery 50 is carried out when the remaining charge SOC 

20 of the battery 50 is less than the variable SLO. This control operation regulates the remaining charge SOC of the battery 
50 to or above the variable SLO. In the case of charging the battery 50 with the electric power of the fuel cell 60, the 
remaining charge SOC of the battery 50 is regulated to or above the reference value LOI . From the viewpoint of the 
energy efficiency of the vehicle, it is not always preferable to keep a high charge level of the battery 50 mounted on the 
hybrid vehicle, as discussed below. 

25 [0313] Fig. 16 shows the relationship between the charge level of the battery 50 and the effective use of regenera- 
tive electric power. In the example of Fig. 1 6, the charge level of the battery 50 is varied in three stages, that is, cases 
1 through cases 3. In the case 1 , the remaining charge SOC of the battery 50 has a relatively high charge level SOC1 . 
The hatched area represents the charge remaining in the battery 50. It is here assumed that the hybrid vehicle is under 
the regenerative braking. The electric power obtained by the regenerative braking (hereinafter referred to as the regen- 

X e native electric power) actually varies according to the vehicle speed before and after the braking control and the weight 
of the vehicle. The graph of Fig. 16 shows the mean regenerative electric power. In the case 1 where a large value is 
set to the reference value LOI , the remaining charge SOC of the battery 50 is kept at a relatively high level, so that all 
the regenerative electric power is not used to charge the battery 50 in a chargeable range of the battery 50. Namely 
part of the regenerative electric power (the closed arrow) is wasted in the case 1. The hybrid vehicle can not use the 

35 kinetic energy of the vehicle corresponding to this closed arrow, thereby having a lowered energy efficiency. 

[0314] In the case 2, the remaining charge SOC of the battery 50 has a medium charge level SOC2. in this state, 
ail the regenerative electric power is effectively used to charge the battery 50 in the chargeable range of the battery 50. 
In the case 3, the remaining charge SOC of the battery 50 has a low charge level SOC3. In this state, all the regenera- 
tive electric power is effectively used to charge the battery 50. In the cases 2 and 3, the hybrid vehicle can efficiently 

ao use the kinetic energy of the vehicle. In order to effectively use the regenerative electric power, it is desirable that the 
battery 50 has a low charge level. 

[0315] The remaining charge SOC of the battery 50 should, on the other hand, be kept at or above a sufficient level 
that ensures the output of the required electric power. As described previously, the electric power of the battery 50 is 
used to compensate for the response delay of the fuel cell 60. For that purpose, it is required to output a relatively large 
45 quantity of electric power. The technique of this embodiment accordingly sets the charge level SOC3 shown in Fig. 16 
to the reference value LOI, which corresponds to the target charge level of the battery 50. 

[031 6] In order to keep the charge level of the battery 50 at or above the reference value LOI , the technique of the 
embodiment varies the quantity of power generation of the fuel cell 60 according to the charge level of the battery 50 at 
step S250. Fig. 17 is a graph showing a variation in charging electric power plotted against the remaining charge SOC 

so of the battery 50. The charging electric power represents the electric power supplied to charge the battery 50. A graph 
C1 of the solid line shows the charging electric power by the fuel cell 60. As clearly shown in the graph of Fig. 1 7, the 
charging operation is carried out when the remaining charge SOC of the battery 50 is less than the reference value 
LOI. The charging electric power is determined according to the difference between the remaining charge SOC and 
the reference value or the target charge level LOI . The charging electric power is set high against the low remaining 

55 charge SOC and then decreases with an increase in remaining charge SOC that approaches to the target charge level 
LOI. The charging electric power should be set within the range of a maximum chargeable electric power CHmax of 
the battery 50. This control procedure enables the remaining charge SOC of the battery 50 to quickly approach to the 
target charge level LOI . The settings shown in Fig. 17 are only illustrative, and the variation in charging electric power 
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according to the remaining charge SOC may follow a curve or a stepwise graph. The charging electric power may alter- 
natively be determined by taking Into account the remaining quantity FCL of the FC fuel as well as the difference 
between the remaining charge SOC and the reference value L01 . 

[031 7] Referring back to the charging control routine of Fig. 1 5, in the case where the remaining quantity FCL of the 
5 FC fuel is less than the predetermined level Fth3 at step S220, the program determines that the fuel cell 60 has an 
insufficient output sustaining ability and carries out the processing to cause the battery 50 to be charged without using 
the fuel cell 60. At step S260, the CPU substitutes a predetermined reference value L02 into the variable SLO, which 
is used as the criterion of determining whether or not the battery 50 is to be charged. 

[031 8] Basically any arbitrary value may be set to the reference value L02. In this embodiment, the reference value 

10 L02 is set higher than the reference value LOI in the chargeable range with the regenerative electric power (see Fig. 
16). The relationship between the reference value L02 and the reference value LOI is shown in the graph of Fig. 17. 
The reference value L02 corresponds to a target charge level when the fuel cell 50 has the lowered output sustaining 
ability. As mentioned previously, the reference value LOI corresponds to the target charge level when the fuel cell 60 
has a sufficient output sustaining ability. In this state, if the electric power supplied from the battery 50 is less than the 

15 required electric power for the lighting and other electrical equipment, the insufficiency is compensated with the electric 
power output from the fuel cell 60. The reference value LOI is thus set equal to a relatively low level. It is, on the other 
hand, preferable to set the reference value L02 equal to a relatively high level, so that the battery 50 can store the suf- 
ficient electric power for the requirement of the electrical equipment. The technique of this embodiment accordingly sets 
a relatively large value to the reference value L02. 

20 [031 9] After substituting the reference value L02 into the variable SLO, the CPU compares the observed remaining 
charge SOC of the battery 50 with the variable SLO at step S270. In the case where the remaining charge SOC is less 
than the variable SLO, the CPU carries out a generator drive control process and causes the battery 50 to be charged 
without using the fuel cell 60 at step S300. In the case where the remaining charge SOC is not less than the variable 
SLO, on the other hand, the CPU exits from the charging control routine without charging the battery 50. 

25 [0320] As carried out in the process of power generation of the fuel cell 60 (step S250), the charging electric power 
is determined according to the difference between the remaining charge SOC of the battery 50 and the target charge 
level L02 in the process of power generation at step S300. As shown by a graph C2 of the dotted line in Fig. 17, the 
charging electric power Increases with a decrease in remaining charge SOC of the battery 50 from the target charge 
level L02. The setting of the charging electric power should be within the range of the maximum chargeable electric 

30 power CHmax of the battery 50. 

[0321] The generator drive control process varies the charging electric power according to the generator used for 
charging. Fig. 18 shows the selection of generators according to the driving state of the vehicle. The hybrid vehicle of 
the embodiment has the two generators available to charge the battery 50, that is, the motor 20 and the auxiliary 
machinery driving motor B0 shown in Fig. 1 . Each of the motors 20 and 80 carries out the regenerative operation with 

35 the power of the engine 1 0, so as to generate electric power. The rotation of the drive shaft 1 5 can be transmitted to the 
motor 20, so that the regenerative operation of the motor during the braking control enables the kinetic energy of the 
vehicle to be converted to electric power. 

[0322] In the structure of the embodiment, the motor 20 and the auxiliary machinery driving motor B0 are selectively 
used to carry out power generation as shown in Fig. 1 8. The table of Fig. 18 shows all the possible cases of power gen* 

40 eration without using the fuel cell 60, and include the case that the remaining charge SOC of the battery 50 is not less 
than the reference value L02. Such power generation is performed according to a separate control routine from the 
charging control routine shown in the flowchart of Fig. 15, for example, in response to a requirement of large electric 
power that leads to abrupt consumption of the electric power of the battery 50. The table of Fig. 18 also shows the case 
of power generation carried out under the non-driving conditions, that is, in the course of regenerative braking. 

45 [0323] The selection of the generators shown in Fig. 18 is controlled by a generator drive control routine shown in 
the flowchart of Fig. 1 9. When the program enters the generator drive control routine of Fig. 1 9, the CPU first receives 
the inputs regarding the driving conditions of the vehicle at step S305. Among the diversity of inputs, the pieces of infor- 
mation on the gearshift position, the vehicle speed, the accelerator travel, the AT oil temperature, and the remaining 
charge SOC of the battery 50 are the inputs especially involved in the selection of the generators shown in Fig. 18. 

so [0324] At subsequent step S310, the CPU determines whether or not the current gearshift position is the neutral 
(N) or the parking (P) position, based on the inputs. No power is output to the drive shaft 15 at the position N or at the 
position P. When the current gearshift position is either at the position N or at the position R it is determined that the 
hybrid vehicle is at a stop. One modified procedure determines whether or not the hybrid vehicle is at a stop, based on 
the vehicle speed, in place of or in addition to the current gearshift position. 

55 [0325] When it is determined at step S31 0 that the current gearshift position is either at the position N or at the posi- 
tion P, the selection of the proper generators is carried out according to the remaining charge SOC of the battery 50. 
The CPU compares the observed remaining charge SOC with the target charge Level L02 at step S315. In the case 
where the remaining charge SOC is less than the target charge level L02, relatively high charging electric power is 
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required. Both the auxiliary machinery driving motor 80 as a main generator and the motor 20 as a sub-generator carry 
out the power generation to charge the battery 50 at step S325. In the case where the remaining charge SOC is not 
less than the target charge level L02, on the other hand, high charging electric power Is not required. Only the auxiliary 
machinery driving motor 80 accordingly carries out the power generation to charge the battery 50 at step S320. In any 
5 case, the operations of the engine 1 0, the motor 20, and the auxiliary machinery driving motor 80 are controlled to out- 
put the charging electric power according to the difference between the remaining charge SOC of the battery 50 and 
the target charge level L02 as shown in the graph of Fig. 17. 

[0326] The power generation by the auxiliary machinery driving motor 80 as the main generator is carried out while 
the auxiliary machinery clutch 19 is coupled to enable the transmission of power of the engine 10 to the auxiliary 

10 machinery driving motor 80. The power generation by the motor 20 as the sub-generator is carried out while the input 
clutch 18 is coupled to enable the transmission of power of the engine 10 to the motor 20. At the positions N and P, the 
transmission 1 00 is set in the state that does not allow the output of power to the drive shaft 15. In the case where only 
the auxiliary machinery driving motor 80 carries out power generation, the input clutch 18 is released to effectively use 
the power output from the engine 1 0. 

15 [0327] When it is determined at step S31 0 that the current gearshift position is not either at the position N or at the 
position P, on the other hand, the CPU determines whether or not the hybrid vehicle is being driven at step S330. The 
determination of step S330 is based on the accelerator travel. In the case where the accelerator travel is in a full closed 
state, it is determined that the hybrid vehicle is not being driven. Otherwise, it is determined that the hybrid vehicle is 
being driven. While the hybrid vehicle is at a stop at the gearshift position other than the position N or the position P or 

20 while the hybrid vehicle is being braked, it is determined that the hybrid vehicle is not being driven. 

[0328] When it is determined at step S330 that the hybrid vehicle is not being driven, the CPU compares the 
remaining charge SOC of the battery 50 with the target charge level L02 at step S335. In the case where the remaining 
charge SOC of the battery 50 is not less than the target charge level L02, the charging operation of the battery 50 is 
not required in principle. The CPU accordingly controls the motor 20 to carry out the regenerative operation in the 

25 course of braking, in order to improve the energy efficiency of the hybrid vehicle. 

[0329] In the case where the remaining charge SOC of the battery 50 is less than the target charge level L02, on 
the other hand, the power generation is required to recover the charge level of the battery 50. The CPU accordingly 
causes the auxiliary machinery driving motor 80 to carry out power generation and causes the motor 20 to carry out the 
regenerative operation at step S345. As described above with regard to steps S320 and S325, the power generation of 

30 the auxiliary machinery driving motor 80 is carried out with the power of the engine 1 0. The processing of step S345 is, 
however, performed while the hybrid vehicle is at a run. The input clutch 1B between the engine 10 and the motor 20 is 
accordingly kept in the state during the run. In the case of the EV drive, the input clutch 18 is released. In the case of 
the engine drive, the input clutch 18 is coupled. 

[0330] The charging electric power at step S345 is also set according to the difference between the remaining 
35 charge SOC and the target charge level L02. Here the operations of the engine 1 0 and the auxiliary machinery driving 
motor 80 are controlled, in order to cause the auxiliary machinery driving motor 80 to generate electric power that com- 
pensates for the regenerative electric power obtained by the motor 20. 

[0331] When it is determined at step S330 that the hybrid vehicle is being driven, on the other hand, the selection 
of the proper generators is carried out, based on the determination of whether or not it is required to use the motor 20 

40 for power generation as well as on the determination of whether or not the motor 20 is ready for power generation. The 
CPU first determines whether or not the hybrid vehicle runs by the EV drive at step S350. In the state of the EV drive, 
the hybrid vehicle runs with the motor 20 as the power source as described previously. The motor 20 can thus not be 
used as the generator during the EV drive. When it is determined at step S350 that the hybrid vehicle runs by the EV- 
drive, the auxiliary machinery driving motor 80 is driven with the power of the engine 10, so as to carry out the power 

45 generation at step S375. In this case, the engine 10 is driven for power generation, although the hybrid vehicle runs by 
the EV drive. 

[0332] When it is determined at step S350 that the hybrid vehicle does not run by the EV drive, the CPU then deter- 
mines whether or not the speed is being changed at step S355. In the transient state where the coupling in the trans- 
mission 100 is being changed, the torque output to the drive shaft 15 often varies. Although not specifically described 

so here, the hybrid vehicle of the embodiment carries out a variety of control operations, in order to attain the smooth 
change of the speed. For example, during the change of the speed, the minute torque regulation is carried out with the 
torque of the motor 20, so as to prevent an abrupt variation in torque output to the drive shaft 15. In another example, 
the speed of the engine 1 0 is varied by means of the power of the motor 20, in order to make the speed of the engine 
1 0 synchronous with the required revolving speed of the drive shaft 15 before and after the change of the speed. The 

55 torque regulation of the motor 20 to keep the revolving speed at a fixed level enables the torque output from the engine 
1 0 to be estimated according to the target torque of the motor 20. The estimation is fed back to the control of the engine 
1 0. In the structure of the embodiment, the motor 20 is used for the smooth change of the speed. If the motor 20 carries 
out power generation during the change of the speed, such effects can not be expected. The technique of the ernbod- 
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iment accordingly causes only the auxiliary machinery driving motor SO to carry out the power generation during the 
change of the speed at step S375. In the case where the motor 20 is not used during the change of the speed, however, 
the motor 20 may be driven for the power generation. 

[0333] When it is determined at step S365 that the speed is not being changed, the CPU then determines whether 
5 or not the input AT oil temperature is higher than a preset level at step S360. The AT oil temperature represents the oil 
temperature in the torque converter 30. In the event that the motor 20 is used as a generator, there is a high possibility 
that a slip occurs between the input and output shafts of the torque converter 30. Such a slip heightens the AT oil tem- 
perature. When the AT oil temperature is higher than the preset level, the technique of the embodiment locks up the 
input and the output, in order to restrict the slip in the torque converter 30 and control the temperature increase. In this 
10 state, the motor 20 can not be effectively used as the generator, so that only the auxiliary machinery driving motor 80 
is used for power generation at step S375. 

[0334] When the AT oil temperature is not higher than the preset level, on the other hand, the CPU compares the 
observed remaining charge SOC of the battery 50 with a preset reference value LOSS at step S365. The reference 
value LOSS is set lower than the target charge level L02 and is used as the criterion to determine whether or not the 

is rapid charging of the battery 50 is required (see the graph of Fig. 1 7). In the case where the remaining charge SOC is 
less than the reference value LOSS, the rapid charging of the battery 50 is required. Both the auxiliary machinery driv- 
ing motor 80 as the main generator and the motor 20 as the sub'generator carry out the power generation to charge the 
battery 50 rapidly at step S3 70. In the case where the remaining charge SOC is not less than reference value LOSS, 
on the other hand, the rapid charging of the battery 50 is not required. Only the auxiliary machinery driving motor 80 is 

20 accordingly driven for power generation at step S375. 

[0335] In another drive mode where the gearshift position is at either the position N or the position P, when the 
remaining charge SOC of the battery 50 is less than the target charge level L02, both the auxiliary machinery driving 
motor 80 and the motor 20 are driven for power generation at step S325. In the drive mode defined as above, on the 
other hand, when the remaining charge SOC is less than the reference value LOSS, which is lower than the target 

25 charge level L02, both the auxiliary machinery driving motor 80 and the motor 20 are driven for power generation at 
step S370. This is because the power generation by the motor 20 is not desirable during the run of the hybrid vehicle. 
The power generation by the motor 20 during the run of the hybrid vehicle may cause a torque variation due to the load- 
ing to be output to the drive shaft 1 5 and damage the ride of the vehicle. The technique of the embodiment accordingly 
drives the motor 20 for power generation when the remaining charge SOC of the battery 50 becomes less than the ref- 

30 erence value LOSS, which is lower than the target charge level L02, and the rapid charging of the battery 50 is highly 
demanded. As in the case of another drive mode, the motor 20 may be driven for power generation when the remaining 
charge SOC becomes less than the target charge level L02. 

[0336] The charging control process discussed above selectively uses the fuel cell 60 and the engine 10 as the 
working energy output source to charge the battery 50, based on the output sustaining ability of the fuel cell 60. In the 

35 case of charging the battery 50 with the fuel cell 60, the small value is set to the target charge level LOI of the battery 
50. This arrangement controls the electric power output from the fuel cell 60 and restricts the consumption of the FC 
fuel. When the remaining quantity FCL of the FC fuel decreases to or below the predetermined level Fth3, the battery 
50 is charged by means of the engine 10. This arrangement also controls the consumption of the FC fuel. Such selec- 
tive use desirably prevents the FC fuel from being excessively consumed in the process of charging the battery 50, 

40 thereby improving the driving efficiency and the environmental properties of the hybrid vehicle. 

[0337] The charging control process regulates the charging electric power of the battery 50, based on the differ- 
ence between the remaining charge SOC of the battery 50 and the target charge level LOI or L02. This procedure ena- 
bles the charge level of the battery 50 to be quickly recovered to the target level. In the case where the battery 50 is 
charged with the electric power generated with the power of the engine 10, the auxiliary machinery driving motor 80 

45 and the motor 20 are selectively used according to the various conditions including the required charging electric power. 
This arrangement enables the rapid and adequate charging of the battery 50. 

[0338] The charging control process discussed above selectively uses the fuel cell 60 and the engine 10 according 
to the remaining quantity FCL of the FC fuel. One modified procedure gradually varies the output ratio of the fuel cell 
60 to the engine 10 according to the remaining quantity FCL of the FC fuel. In this modified arrangement, the battery 

so 50 is charged with the outputs from both the fuel cell 60 and the engine 1 0. The output ratio of the fuel cell 60 is grad- 
ually lowered while the output ratio of the engine 1 0 is gradually heightened, with a decrease in remaining quantity FCL 
of the FC fuel. The charging control process discussed above selectively uses either one of the target charge levels LOI 
and L02 according to the selection of the working energy output source. One possible modification may vary the target 
charge level of the battery 50 in a continuous manner or in a stepwise manner according to the selection of the working 

55 energy output source. For example, in the case of charging the battery 50 with the fuel cell 60, the target charge level 
may be lowered gradually with a decrease in remaining quantity FCL of the FC fuel. 
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F. Second Embodiment 

[0339] The following describes another hybrid vehicle in a second embodiment according to the present invention. 
The first embodiment and its modified examples regard the hybrid vehicle that is driven with the power output to only 
5 one axle. The technique of the first embodiment is, however, not restricted to this structure, but is applicable to a hybrid 
vehicle that is driven with the power output to two axles, that is, a four wheel-drive hybrid vehicle. The application to the 
four wheel-drive hybrid vehicle is described below as the second embodiment. 

[0340] Fig. 20 schematically illustrates the structure of the hybrid vehicle in the second embodiment. The difference 
from the first embodiment is that power may be output to two axles 17 and 17A in the hybrid vehicle of the second 

10 embodiment. The structure of the second embodiment enables the driver to arbitrarily set the output of power to the 
axle 17A. A 4WD mode switch for specifying the four-wheel drive is disposed near the gearshift lever 162, in place of 
the sports mode switch 1 63 of the first embodiment shown in Rg. 5. Only when the 4WD mode switch is set in ON posi- 
tion, the power is output to both the axles 17 and 17A. When the 4 WD mode switch is in OFF position, the power is 
output only to the axle 17 as in the case of the hybrid vehicle of the first embodiment. This structure is not essential, 

15 and one possible modification causes the power to be always output to both the axles 1 7 and 1 7A. 

[0341] The mechanism of outputting power to the axle 1 7 is identical with that discussed in the first embodiment. 
This power output mechanism includes the engine 10, the motor 20, the torque converter 30, and the transmission 100 
that are connected in series. Like the structure of the first embodiment, the electric power may be supplied from both 
the battery 50 and the fuel cell 60 to the motor 20. 

20 [0342] Power is output to the axle 1 7A, on the other hand, through the following power output mechanism. A motor 
20A is coupled with the axle 1 7A via a differential gear 1 6 A. Like the motor 20, the motor 20 A is a three-phase synchro- 
nous motor. The motor 20A may receive a supply of electric power from any of the battery 50, the fuel cell 60, and the 
auxiliary machinery driving motor 80. The supplies of electric power output from the battery 50 and the fuel cell 60 are 
fed to the motor 20A via driving circuits 51 A and 52A, respectively. Like the driving circuits 51 and 52, the driving circuits 

25 51 A and 52A are constructed as transistor inverters. The auxiliary machinery driving motor BO generates electric power 
with the power of the engine 10. Electric power generated by the auxiliary machinery driving motor 80 may be supplied 
directly to the motor 20A. 

[0343] The working electric power supply used to supply electric power to the motor 20A is specified by changing 
the state of connection of changeover switches 85 and 86. As shown in Fig. 20, the changeover switch 86 changes the 

30 state of connection to select the working electric power supply between either one of the battery 50 and the fuel cell 60 
and the auxiliary machinery driving motor 80. The changeover switch 85 changes the state of connection to select the 
working electric power supply between the battery 50 and the fuel cell 60. In the structure of the second embodiment, 
the battery 50 is used as the auxiliary electric power supply to compensate for the response delay of the fuel cell 60. 
[0344] The axles 1 7 and 1 7A may be used as the front axle and the rear axle or vice versa. In the structure where 

35 the engine 1 0 is mounted on the front part of the vehicle, if the axle 17 is set as the rear axle, a propeller shaft is required 
to transmit the mechanical power output from the engine 10 through the vertical axis of the vehicle to the rear axle. If 
the axle 17A is set as the rear axle, on the other hand, the propeller shaft is not required. Disposing the axle 17 close 
to the engine 1 0 advantageously simplifies the structure of the power system. 

[0345] The variety of control processes discussed in the first embodiment are also applied to the structure of the 
40 second embodiment. For example, the details of the EV drive control process carried out in the second embodiment are 
substantially similar to those of the first embodiment shown in Fig. 12. In the structure of the second embodiment, both 
the motors 20 and 20A are driven during the EV drive, so that a greater quantity of electric power is consumed. It is thus 
desirable that the hybrid vehicle runs by the EV drive when the fuel cell 60 has a sufficient output sustaining ability. From 
this point of view, it is desirable in the second embodiment that a greater value is set to the predetermined level Fth1 
45 used as the criterion at step S20 in the EV drive control routine of Fig. 12, compared with the first embodiment 

[0346] The details of the auxiliary machinery drive control process and the charging control process carried out in 
the second embodiment are also substantially similar to those of the first embodiment shown in Figs. 14 and 1 5. in the 
charging control process of the second embodiment, the regenerative operation of the motor 20A may be carried out in 
addition to the regenerative operation of the motor 20. At step S345 in the generator drive control routine of Fig. 19, it 
so is desirable that the processing causes the motor 20A, in addition to the motor 20, to carry out the regenerative opera- 
tion. 

[0347] The hybrid vehicle of the second embodiment further carries out a 4WD control process intrinsic to the struc- 
ture of the second embodiment. The 4WD control process properly selects either the 4WD mode or the 2WD mode 
acqprding to the remaining quantity FCL of the FC fuel. Fig. 21 is a flowchart showing a 4WD control routine. When the 
55 program enters the 4WD control routine, the CPU first receives the inputs regarding the driving conditions of the vehicle 
at step S410. Among the diversity of inputs, the pieces of information on the vehicle speed, the accelerator travel, and 
the remaining quantity FCL of the FC fuel for the fuel cell 60 are involved in the subsequent processing. 
[0348] The CPU then determines whether or not the current driving state of the vehicle corresponds to the MG area 
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at step S420. The determination of step S420 is based on the vehicle speed and the accelerator travel in the same man- 
ner as the determination of step S50 in the EV drive control routine of Fig. 12. When the current driving state corre- 
sponds to the MG area, both the motors 20 and 20A are driven, so that the CPU exits from the 4 WD control routine 
without any further processing. 

5 . [0349] When the current driving state does not correspond to the MG area, on the other hand, either the 4WD mode 
or the 2WD mode is selected according to the remaining quantity FCL of the FC fuel. The CPU compares the observed 
remaining quantity FCL of the FC fuel with a predetermined level Fth4 at step S430. In the case where the remaining 
quantity FCL of the FC fuel is not less than the predetermined level Fth4, the CPU determines that the fuel cell 60 has 
a sufficient output sustaining ability and sets the 4 WD mode at step S440. When the driving state is not in the MG area, 

10 the power is output from the engine 1 0 to one axle. The motor 20A linked with the other axle is driven with the electric 
power output from the fuel cell 60. 

[0350] In the case where the remaining quantity FCL of the FC fuel is less than the predetermined level Fth4 f on 
the other hand, the CPU determines that the fuel cell SOdoes not have a sufficient output sustaining ability and sets the 
2WD mode at step S450. The operation of the motor 20A is accordingly stopped. In this case, a preferable arrangement 
is informs the driver of the selection of the 2WD mode, in order to ensure a smooth drive without making the driver feel 
uneasy. 

[0351] The predetermined level Fth4 is used as the criterion to determine whether or not the consumption of elec- 
tric power to drive the motor 20A is allowed. Any arbitrary value may be set to the predetermined level Fth4. In the tech- 
nique of the embodiment, a relatively large value is set to the predetermined level Fth4 by taking into account the fact 

20 that the hybrid vehicle can be driven with the power of the engine 10 even when the motor 20A is not driven. Namely 
the 4 WD mode is selected only when the remaining quantity FCL of the FC fuel has a sufficient margin. 
[0352] The 4WD control process discussed above selects either one of the 4WD mode and the 2WD mode accord- 
ing to the remaining quantity FCL of the FCfuel. In the 2WD mode, the motor 20A is not driven, so that the consumption 
of the FC fuel is restricted. The control procedure thus prevents the FC fuel from being excessively consumed during 

25 the drive in the 4WD mode, and thereby improves the driving efficiency and the environmental properties of the hybrid 
vehicle. 

[0353] Instead of selecting either the 4WD mode or the 2WD mode, the output of the motor 20A may be gradually 
reduced with a decrease in remaining quantity FCL of the FC fuel. The reduction of the output may be implemented in 
a stepwise manner or in a continuous manner. This modified structure makes the best use of the advantages of the 
30 4 WD structure in the allowable range of the FC fuel, while saving the FC fuel. 

[0354] Like the hybrid vehicle of the first embodiment, the hybrid vehicle of the second embodiment attains a drive 
of excellent driving efficiency and environmental properties, while restricting the consumption of the FC fuel. The motor 
20 may be omitted from the structure of the second embodiment according to the requirements. 

35 G. Third Embodiment 

[0355] The following describes still another hybrid vehicle in a third embodiment according to the present invention. 
Fig. 22 schematically illustrates the structure of the hybrid vehicle in the third embodiment. The difference between the 
third embodiment and the first embodiment is the mechanism of transmitting power of the engine 10 and a motor 20B 
40 to the axle 1 7. In the structure of the third embodiment, the transmission mechanism has a continuously variable trans- 
mission 1B0 (hereinafter referred to as CVT) and a sub-transmission 170, which is disposed before the CVT 180 to 
change the speed of the power transmitted to the CVT 180. 

[0356] The CVT 180 is a known mechanism, in which two pairs of pulleys 1B1a,1 81b and 182a,1 B2b are arranged 
to make rotating shafts parallel to each other, and the power is transmitted between the two pairs of pulleys 181a, 181 b 

45 and 182a, 182b via a belt 183. The interval between the paired pulleys 181a and 181b or 182a and 182b is varied by 
means of the hydraulic pressure, so that the effective diameter of the contact of the paired pulleys with the belt 183 is 
varied. The CVT 1 80 of this configuration causes the power output from the power sources, that is, the engine 1 0 and 
the motor 20B, to be converted in a continuously variable manner and transmitted to the axle 17. 
[0357] In the structure of the third embodiment, the sub-transmission 170 is disposed before the CVT 180, in order 

so to extend the possible change-speed gear range of the power. The sub-transmission 1 70 has two planetary gear units 
combined with clutches 1 71 and 1 72 that change over the pathway of power input. The first planetary gear unit includes 
a sun gear 174 and pinion gears 1 75 and 177. The second planetary gear unit includes a sun gear 176, the pinion gear 
1 77, and a ring gear 178. The pinion gear 177 is commonly used in the first and the second planetary gear units. The 
first planetary gear unit further includes a brake 1 73 that stops rotations of the pinion gears 175 and 1 77. 

55 [0358] The power is input into the sub-transmission 1 70 of the above configuration through the following pathways. 
The motor 20B is linked with the sun gear 174 of the first planetary gear unit and transmits power to the sun gear 174. 
The engine 1 0 is linked with both the sun gears 1 74 and 1 76 via the clutches 1 71 and 1 72, respectively. When the clutch 
1 71 is laid off, the power of the engine 1 0 is not transmitted to the sub-transmission 1 70. When the clutch 1 71 is laid 
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on, on the other hand, the power of the engine 1 0 is transmitted to the sun gear 1 76. When both the clutches 1 71 and 
1 72 are laid on, the power of the engine 1 0 is transmitted to both the sun gears 1 74 and 1 76. The sub-transmission 1 70 
changes the speed of the power output from the engine 1 0 and the motor 20B and transmits the converted power to the 
CVT 1 80 by switching the on-off conditions of the clutches 1 71 and 172 and the brake 1 73. 
5 [0359] Fig. 23 shows the state of connection in the sub-transmission 1 70. The open circle represents the coupling 
of the clutch or the brake. The open triangle represents the presence of a slip, and the cross represents the release of 
the clutch or the brake. As shown in the table of Fig. 23, the coupling of the dutches 171 and 172 and the brake 173 
enables the conversion of the power input into the CVT 180 at the corresponding gear ratio. In the table of Fig. 23, p1 
and p2 are defined as: 

10 

p 1 = number of teeth of ring gear 1 77 / number of teeth of sun gear 1 74 
p2 = number of teeth of ring gear 1 77 / number of teeth of sun gear 1 76 

15 [0360] The hybrid vehicle of the third embodiment has the battery 50 and the fuel cell 60 as the available electric 
power supplies of the motor 20B and the auxiliary machinery driving motor 80 and the respective driving circuits 51 and 
52. This structure is identical with that of the first embodiment and is not specifically described here. The operations of 
the respective constituents, such as the driving circuits 51 and 52, the engine 10, the sub-transmission 170, and the 
CVT 180, are controlled by the control unit 70 in the same manner as the first embodiment. For the clarity of illustration, 

so the outputs of control signals from the control unit 70 are omitted from the illustration of Fig. 22. 

[0361] In the same manner as the first embodiment, the hybrid vehicle of the third embodiment starts a drive by 
using the motor 20B as the power source. At this moment, the clutch 1 71 is released, and the power of the engine 10 
is not transmitted to the axle 17. When the vehicle speed reaches a predetermined level, the clutch 171 is coupled in 
the presence of a slip. The hybrid vehicle thus runs with the power of the engine 1 0. This corresponds to the state of 

25 the 2 nd (low speed) in the table of Fig. 23. With a further increase in vehicle speed, the clutch 1 71 is completely coupled, 
and the hybrid vehicle runs with the power of the engine 10. This corresponds to the state of the 2 nd in the table of Fig. 
23. In this driving state, the hybrid vehicle may be driven only with the power of the engine 10. In the case of a relatively 
large accelerator travel, the motor 20B may also be driven to output power and assist the engine 10. 
[0362] The control of the sub-transmission 1 70 is carried out according to maps similar to those discussed in the 

30 first embodiment. Fig. 24 is a map showing the state of change in the sub-transmission 1 70, and Fig. 25 is a map show- 
ing the state of change in the sub -transmission 1 70 at the position R when the vehicle moves back. In the MG area, the 
clutch 171 is laid off, and the hybrid vehicle is driven with only the power of the motor 20B. The residual area is the 
engine drive area, in which the power of the engine 1 0 is used to drive the hybrid vehicle. The hatched area' in Fig. 24 
corresponds to an intermediate area between the MG area and the engine drive area, in which the clutch 1 71 is coupled 

35 in the presence of a slip. Velocities V1 , V2, and V3 set as boundaries of the respective areas are regulated in each vehi- 
cle, in order to attain the favorable drive feeling. 

[0363] In the CTV 1 80, the gear ratio is regulated against the required torque, which is set based on the accelerator 
travel, according to a predetermined map. In the hybrid vehicle of the third embodiment, the driver may manually regu- 
late the gear ratio of the CVT 160 through operation of an operation unit 160 A. Fig. 26 shows the operation unit 160A 

40 for selecting the gearshift position in the hybrid vehicle of the third embodiment. The operation unit 160A has positions 
B and M, in addition to the positions P, R, N, and D of the first embodiment. At the position B, a gearshift lever 162A is 
movable between a rear most position and a middle position. As the driver pulls the gearshift lever 1 62 towards the rear 
most position, the output torque increases. Namely the change speed pattern of the CVT 180 is regulated according to 
the position of the gearshift lever 162A. 

45 [0364] The driver may select the position M by sliding the gearshift lever 1 62A rightward from the position D. At the 
M position, the gearshift lever 162A is movable forward (that is, the V position) and backward (that is, the '-' position') 
from the center as the standard position. The V position and the '-' position of the gearshift lever 162A respectively 
function as the V switch and the '-' switch. When the driver unhands the gearshift lever 1 62A, the gearshift lever 1 62A 
is kept at the central standard position. At the position M, when the driver sets the V switch on through the operation of 

so the gearshift lever 162A, the output torque increases with an increase in frequency of the on operation of the V switch. 
In a similar manner, when the driver sets the '-' switch on through the operation of the gearshift lever 162A, the output 
torque decreases with an increase in frequency of the on operation of the '-' switch. The change speed pattern of the 
CVT 1 80 is accordingly regulated in a stepwise manner. 

[0365] Fig. 27 is a map showing a typical change speed pattern of the CVT 1 80. In the structure of the third embod- 
55 iment, the change speed pattern lowers the gear ratio of the CVT 180, in order to enhance the output torque with an 
increase in required torque or accelerator travel. The change speed pattern illustrated in the map of Fig. 27 linearly var- 
ies, but a variety of other settings may be applied for the change speed pattern to fit the drive feeling of the driver. The 
arrangement of this embodiment allows the driver to manually regulate the change speed pattern of the CVT 180 as 
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mentioned above. The hatched area shown in the map of Fig. 27 represents an allowable range of regulation. A straight 
line LI shown In Rg. 27 represents the change speed pattern of the CVT 180 In the case of setting a Largest possible 
output torque. A straight line L2 represents the change speed pattern of the CVT 180 in the case of setting a smallest 
possible output torque. At the position B, the change speed pattern is varied continuously between the straight lines L1 
5 and LZ At the position M, the change speed pattern is varied in a stepwise manner between the straight lines LI and 
L2. The variation of the change speed pattern between the straight lines L1 and L2 is implemented by proportionally 
partitioning the gear ratios on these lines L1 and L2 according to the regulation of the driver or by translating these lines 
L1 and L2. 

[0366] In the hybrid vehicle of the third embodiment, the motor 20 B outputs power to assist the engine 10. Fig. 28 
10 is a map showing a variation in output torque against the accelerator travel in an engine drive area. The engine 1 0 out- 
puts the torque varying against the accelerator travel as defined by a curve CT1, whereas the motor 20B outputs the 
torque corresponding to a hatched area TMG. A curve CT2 thus represents a variation in total torque. 
[0367] In the hybrid vehicle of the third embodiment, the assist torque of the motor 20 B varies with a variation in 
remaining quantity of the FC fuel according to a control procedure discussed below. The total output torque of the 
is engine 10 and the motor 20B varies in the hatched area TMB of Rg. 28 according to this control procedure. In order to 
prevent a significant variation in torque output to the axle 17, the gear ratio of the CVT 1 80 may be regulated to com- 
pensate for the variation in assist torque. 

[0368] In the structure of the third embodiment, the control procedure varies the range of the MG area, in which the 
hybrid vehicle drives with the power of the motor 20B, as well as the assist torque of the motor 20B according to the 

20 remaining quantity of the FC fuel. Fig. 29 is a map showing a process of changing the range of the MG area according 
to the remaining quantity of the FC fuel. An area MG0 in Fig. 29 corresponds to the MG area in Rg. 24. The technique 
of the third embodiment narrows the MG area or the motor drive area, in which the hybrid vehicle drives with the power 
of the motor 20B, from the area MG0 to an area MG1 and further to MG2 with a decrease in remaining quantity of the 
FC fuel. Narrowing the motor drive area restricts the consumption of the FC fuel. The relationship between the remain- 

25 ing quantity of the FC fuel and the range of the MG area has been set in advance in the form of a map. 

[0369] Rg. 30 is an exemplified map showing a variation in range of the MG area against the remaining quantity of 
the FC fuel. More concretely, the example of Rg. 30 shows a variation in maximum velocity in the MG area with regard 
to a fixed accelerator travel AP shown in the map of Rg. 29 (hereinafter referred to as the MG area limit vehicle speed) 
against the remaining quantity of the FC fuel. A plurality of such maps are provided with regard to several values of 

30 accelerator travel. 

[0370] When the remaining quantity of the FC fuel is not less than a predetermined value FLIM, that is, when it is 
determined that a sufficient quantity of the FC fuel remains, the technique of the third embodiment sets the motor drive 
area to the widest range. In this state, the MG area limit vehicle speed has a value corresponding to the area MG0 
shown in Fig. 29. When the remaining quantity of the FC fuel becomes less than the predetermined value FLIM, the 

35 technique narrows the motor drive area, in order to restrict the use of the motor 20 B and reduce the consumption of the 
FC fuel. The MG area limit vehicle speed thus lowers along a straight line LP1 with a decrease in remaining quantity of 
the FC fuel. In the example of Rg. 30, the MG area limit vehicle speed varies linearly according to the remaining quan- 
tity of the FC fuel. Other settings may also be applicable to vary the MG area limit vehicle speed non-linearly. 
[0371] The control procedure of the third embodiment changes the pattern of narrowing the range of the MG area 

40 according to the rate of change in remaining quantity of the FC fuel. The description above regards the pattern of nar- 
rowing the range of the MG area along the straight line LP1. In the technique of the third embodiment, the range of the 
MG area may however, be narrowed along other lines according to the rate of change in remaining quantity of the FC 
fuel as shown in the map of Fig. 30. In the case of an abrupt consumption of the FC fuel, that is, in the case of an abrupt 
decrease in remaining quantity of the FC fuel, the reduction of the MG area starts while a relatively large quantity of the 

45 FC fuel still remains as shown by straight lines LP2 and LP3 in Fig. 30. In the case of the abrupt consumption of the FC 
fuel, it is required to quickly narrow the range of the MG area and control the consumption of the FC fuel. A variety of 
settings may be applicable for the mapping of the rate of change in remaining quantity of the FC fuel to the pattern of 
narrowing the range of the MG area, in order to attain the drive fitting the favorable drive feeling of the driver while sav- 
ing the FC fuel. 

so [0372] For the same purpose as that of the reduction of the MG area with a decrease in remaining quantity of the 
FC fuel, the technique of the third embodiment varies the assist torque of the motor 20B according to the remaining 
quantity of the FC fuel. The variation in assist torque has been set in advance in the form of a map. Rg. 31 is a map 
showing the relationship between the assist torque and the remaining quantity of the FC fuel. Like the reduction of the 
MG area, when the remaining quantity of the FC fuel becomes less than the predetermined value FLIM, the assist 

55 torque gradually decreases from the level of 100% along a straight line LT1 . In the technique of the third embodiment, 
the value of the assist torque is specified by the map of Fig. 28. In the case of the assist torque equal to 100%, the 
torque corresponding to the hatched area of Fig. 28 is output according to the accelerator travel. The total output torque 
of the engine 1 0 and the motor 20B thus follows the curve CT2 shown in Fig. 28. In the case of the assist torque equal 
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to 0%, on the other hand, the total output torque follows the curve CT1 shown in Fig. 28. 

[0373] The predetermined value FLIM is used in common in the maps of Figs. 30 and 31, in order to make the 
decrease of the assist torque in combination with the reduction of the MG area. It is, however, not necessary that the 
remaining quantity of the FC fuel starting the reduction of the MG area is identical with the remaining quantity of the FC 

s fuel starting the decrease of the assist torque. The map of Fig. 31 may be set independently of the map of Fig. 30. 

[0374] In the same manner as the reduction of the MG area, the control procedure of the third embodiment 
changes the variation pattern of the assist torque according to the rate of change in remaining quantity of the FC fuel. 
In the case of an abrupt consumption of the FC fuel, that is, in the case of an abrupt decrease in remaining quantity of 
the FC fuel, the reduction of the assist torque starts while a relatively large quantity of the FC fuel still remains as shown 

10 by straight lines LT2 and LT3 in Fig. 31 . Like the control of the MG area, in the case of the abrupt consumption of the 
FC fuel, the control procedure reduces the output of the motor 20 B at an earlier timing, so as to restrict the consumption 
of the FC fuel. The map of the assist torque against the remaining quantity of the FC fuel is provided for each rate of 
change in remaining quantity of the FC fuel. A variety of settings may be applicable for the mapping of the rate of 
change in remaining quantity of the FC fuel to the variation pattern of the assist torque, in order to attain the drive fitting 

is the favorable drive feeling of the driver while saving the FC fuel. 

[0375] The CPU in the control unit 70 executes the following control process to implement the above control proce- 
dure. Fig. 32 is a flowchart showing an EV drive control routine executed in the third embodiment. When the program 
enters the EV drive control routine of Fig. 32, the CPU first receives the inputs regarding the driving conditions of the 
vehicle at step S500. The concrete processing of step S500 receives the inputs from the variety of sensors shown in 

20 Fig. 7 in the same manner as the EV drive control routine of the first embodiment. Among the diversity of inputs, the 
pieces of information on the gearshift position, the vehicle speed, the accelerator travel, and the remaining quantity FCL 
of the FCfuel for the fuel cell 60 are especially involved in the subsequent processing. 

[0376] The CPU determines whether or not the fuel cell 60 is in the available state according to the following two 
conditions at step S502. The first condition is whether or not the remaining quantity FCL of the FC fuel is not less than 

25 a predetermined level Fth5. Like the predetermined level Fth1 used in the EV drive control routine of the first embodi- 
ment, the predetermined level Fth5 is a threshold value used to determine whether or not the fuel cell 60 is available as 
the working electric power supply. In the case where the remaining quantity FCL of the FC fuel is less than the prede- 
termined level Fth5, it is determined that the use of the fuel cell 60 is not allowed. The second condition is whether or 
not an observed temperature Tfc of the fuel cell 60 is lower than a preset level Tu. The preset level Tu is an upper limit 

30 temperature that allows stable operation of the fuel cell 60. In the case where the observed temperature Tfc is not lower 
than the preset level Tu, it is determined that the use of the fuel cell 60 is not allowed. If at least one of these two con- 
ditions is unsatisfied, it is determined that the fuel cell 60 is not available as the working electric power supply. In this 
case, the CPU does not use the motor 20B, which is driven with the electric power of the fuel cell 60, as the power 
source, but causes the hybrid vehicle to run on ty with the power of the engine 1 0 at step S51 2. Under such conditions, 

35 the operation of the engine 10 and the gear ratios of the sub-transmission 1 70 and the CVT 1 B0 are regulated to output 
the required torque according to the gearshift position and the accelerator travel. 

[0377] When it is determined at step S502 that the fuel cell 60 is in the available state, the CPU calculates the rate 
of change in remaining quantity FCL of the FC fuel at step S504 and sets the MG area and the assist torque according 
to the calculated rate of change at step S506. As discussed previously, the technique of the third embodiment changes 

40 the range of the MG area and varies the assist torque according to the remaining quantity FCL of the FC fuel and its 
rate of change. The processing of steps S504 and S506 implements such settings. The concrete procedure refers to 
the maps of Figs. 30 and 31 to set the MG area and the assist torque according to the remaining quantity FCL of the 
FC fuel and its rate of change. The maps are provided with regard to discrete values of the remaining quantity FCL and 
its rate of change. Interpolation of the map should thus be performed according to the requirements. 

45 [0378] One modified procedure sets the MG area and the assist torque according to the remaining quantity FCL of 
the FC fuel and subsequently corrects the settings according to the rate of change in remaining quantity FCL of the FC 
fuel. This procedure advantageously saves the capacity required for storing the maps, while increasing the required 
arithmetic operations. Another modified procedure does not directly use the remaining quantity FCL of the FC fuel as 
the parameter, but carries out the processing of step S506 based on the state of loading applied to the fuel cell 60. An 

so exemplified process of this modification continuously monitors the electric power output from the fuel cell 60 and exe- 
cutes the processing of step S506 based on the integral of the monitored electric power. The electric power output from 
the fuel cell 60 represents the rate of change in loading applied to the fuel cell 60. This is accordingly regarded as the 
parameter equivalent to the rate of change in remaining quantity FCL of the FC fuel. The measurement of the electric 
power output from the fuel cell 60 may thus replace the processing of step S504. The evaluation of the state of loading 

55 applied to the fuel cell 60 may not be based on the electric power output from the fuel cell 60, but be based on the power 
output from the motor 20B, which is driven with the fuel cell 60 used as the electric power supply. 
[0379] At subsequent step S508, the CPU determines whether or not the current driving state of the vehicle corre- 
sponds to the MG area set at step S506 as discussed above, based on the current vehicle 6peed and the required 
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torque. When it is determined at step S508 that the current driving state of the vehicle corresponds to the MG area, the 
hybrid vehicle is driven with the motor 20B as the power source at step S510. Under such conditions, the operation of 
the motor 20B and the gear ratios of the sub-transmlsslon 170 and the CVT 1 BO are regulated to output the required 
torque according to the gearshift position and the accelerator travel. 

5 [0380] When h is determined at step S50B that the current driving state of the vehicle does not correspond to the 
MG area, on the other hand, the hybrid vehicle is driven with both the engine 10 as the main power source and the 
motor 20B to assist the engine 10 at step S514. Under such conditions, the operations of the engine 10 and the motor 
20B and the gear ratios of the sub-transmission 170 and the CVT 180 are regulated to output the torque shown in Fig. 
28 according to the accelerator travel. This control process adequately changes the working power source and enables 

10 the hybrid vehicle of the third embodiment to drive with the properly regulated assist torque of the motor 20B. 

[0361] In the hybrid vehicle of the third embodiment discussed above, the working power source is changed accord- 
ing to the remaining quantity of the FC fuel. This arrangement desirably controls the consumption of the FC fuel, like 
the first and the second embodiments. The technique of the third embodiment further regulates the range of the MG 
area and the torque of the motor 20B according to the rate of change in remaining quantity of the FC fuel, thereby con- 

is trolling the consumption of the FC fuel more appropriately. For example, in the case of an abrupt consumption of the FC 
fuel, the control procedure quickly lowers the output of the motor 20B, so as to decrease the output of the fuel cell 60. 
This preferably prevents the FC fuel from being consumed excessively. In the case of a gentle consumption of the FC 
fuel, on the other hand, the control procedure enables the fuel cell 60 to be effectively used, so as to attain a drive of 
high driving efficiency and excellent environmental properties. The arrangement of the third embodiment enables the 

20 output control of the fuel cell 60 that sufficiently follows a dynamic change of the consumption of the FC fuel due to the 
varied driving state of the vehicle. Such output control enables the fuel cell 60 to be effectively used in a wide drive 
range. 

[0382] The third embodiment regards the hybrid vehicle with the CVT 1 80 mounted thereon. The advantage of this 
structure is to enable the output of the motor 20B to be flexibly varied according to the remaining quantity of the FC fuel 

25 and its rate of change. The CVT 180 is, however, not essential for the control that varies the output of the motor 20B 
according to the remaining quantity of the FC fuel and its rate of change. The technique of the third embodiment is appli- 
cable to the structure of the first embodiment with the stepwise transmission mounted thereon. Like the first and the 
second embodiments, the output control executed in the structure of the third embodiment with the CVT 1 80 mounted 
thereon may be implemented without considering the rate of change in remaining quantity of the FC fuel. This modifi- 

30 cation advantageously simplifies the control process. The EV drive control process is discussed in the third embodi- 
ment. The idea of varying the output of the fuel cell according to the remaining quantity of the FC fuel and its rate of 
change is also applicable to the various control processes discussed in the first embodiment, such as the charging con- 
trol process. 

35 H. Fourth Embodiment 

[0383] The following describes a fourth embodiment according to the present invention. The hybrid vehicle of the 
fourth embodiment has the same hardware structure as that of the hybrid vehicle of the first embodiment shown in Fig. 
1 . The basic operations of the fourth embodiment are also identical with those of the first embodiment The hybrid vehi- 

40 cie of the fourth embodiment is driven by property using the engine 1 0 and the motor 20 according to the maps of Figs. 
8 through 11 . The motor 20 is driven with the electric power output from the fuel cell 60. The technique of the first 
embodiment controls the operation of the motor 20 according to the remaining quantity of the FC fuel. The technique of 
the fourth embodiment, on the other hand, controls the operation of the engine 10 according to the remaining quantity 
of the fuel for the engine 1 0, that is, the remaining quantity of gasoline. 

45 [0384] Fig. 33 is a flowchart showing a drive control routine executed in the fourth embodiment. Like the EV drive 
control routine of thefirst embodiment, the CPU of the control unit 70 repeatedly executes this drive control routine to 
control the proper use of the engine 10 and the motor 20 during a drive. 

[0385] When the program enters the drive control routine of Fig. 33, the CPU first receives the input signals at step 
S600. The concrete processing of step S600 receives the variety of signals shown in Fig. 7, such as the signal repre- 

50 senting the remaining quantity of gasoline. The CPU then compares the input remaining quantity of gasoline with a pre- 
determined reference value Lo at step S602. The result of the comparison determines whether or not there is a 
sufficient quantity of gasoline to allow a smooth drive of the vehicle. The setting of the predetermined reference value 
Lo will be discussed later. In the case where the remaining quantity of gasoline is greater than the predetermined ref- 
erence value Lo, that is, when it is determined at step S602 that there is a sufficient quantity of gasoline, the working 

55 power source is suitably selected between the engine 1 0 and the motor 20 according to the maps of Figs. 8 through 1 1 , 
which are set as the basic drive patterns, at step S608. The CPU then makes a display to inform the driver that the 
hybrid vehicle is in the normal driving state at step S610. The display is made, for example, by lighting up an indicator 
that is provided on the instrument panel shown in Fig. 6. 
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[03B6] When H is determined at step S602 that there is only an insufficient quantity of gasoline, on the other hand, 
the operation of the engine 1 0 is controlled in the following manner. The CPU first determines whether or not the current 
driving state of the vehicle, that is, the current vehicle speed and torque, Is within a varying torque area at step S604. 
In the varying torque area, the difference between the output torque of the engine 1 0 and the output torque of the motor 

5 20 is not a negligible level. As estimated from the map of Fig. 8, the motor 20 is suitable for the drive in a low speed 
area. The area of high speed and high torque is accordingly included in the varying torque area. The varying torque 
area is also affected by the quantity of electric power supplied from the fuel cell 60 or the battery 50 to the motor 20 and 
the selected gear ratio. In the arrangement of the fourth embodiment, the varying torque area has been set In advance 
in the form of a map, on the premise that the gear ratio Is changed according to the maps of Figs. 8 through 1 1 . 

10 [0387] When h is determined at step S604 that the current driving state of the vehicle is not included in the varying 
torque area, the changeover of the working power source between the engine 1 0 and the motor 20 does not make the 
driver feel uneasy. Since the remaining quantity of gasoline is little, the control procedure does not use the engine 10 
but selects the motor 20 as the working power source to drive the hybrid vehicle at step S616. Even when the driving 
state of the vehicle is within the engine drive area where the engine 10 is selected as the working power source accord- 

15 ing to the maps of Figs. 8 through 11 , the processing of step S61 6 causes the hybrid vehicle to run not with the engine 
1 0 but with the motor 20 as the working power source. This is different from the normal driving state. The CPU accord- 
ingly makes a display to inform the driver that the remaining quantity of gasoline is little and that the hybrid vehicle runs 
by the MG drive at step S618. The display is made, for example, by lighting the indicator up in a different color, by flash- 
ing the indicator, or by any other suitable technique. 

20 [0388] When it is determined at step S604 that the current driving state of the vehicle is included in the varying 
torque area, on the other hand, the changeover of the working power source between the engine 1 0 and the motor 20 
makes the driver feel uneasy. In this case, it is desirable to continue the drive according to the basic drive patterns as 
far as possible, for the better drive feeling. The control procedure of the embodiment thus determines whether or not 
gasoline has been completely used up at step S606. On the occasion that even a little quantity of gasoline remains, the 

25 working power source is suitably selected between the engine 10 and the motor 20 according to the maps of Figs. 8 
through 1 1 at step S612. The CPU then makes a display to inform the driver that the remaining quantity of gasoline is 
little at step S614. The display may be made by any technique applied for the display of step S61 8. The state that gaso- 
line has been completely used up at step S606 does not mean that gasoline in the fuel tank is equal to 0 liter but implies 
that there is little available fuel effectively used for a drive of the vehicle. 

30 [0389] The technique of the fourth embodiment controls the operation of the engine 10 according to the remaining 
quantity of gasoline. The decision over the requirement of controlling the operation of the engine 10 is based on the 
comparison between the remaining quantity of gasoline and the predetermined reference value Lo. The reference value 
Lo is determined in the following manner. Fig. 34 shows a process of setting the reference value Lo, which is compared 
with the remaining quantity of gasoline. The graph of Fig. 34 shows the relationship between the reference value Lo and 

35 the consumption rate of gasoline. Basically any arbitrary value may be set to the reference value Lo. As shown by the 
solid line, the reference value Lo may be a fixed value set regardless of the consumption rate of gasoline. As shown by 
the broken line, the reference value LO may alternatively be varied with a variation in consumption rate of gasoline. In 
the example of Fig. 34, the reference value Lo increases with an increase in consumption rate of gasoline. At the high 
consumption rate of gasoline, even a little delay of controlling the operation of the engine 10 causes gasoline to be 

40 excessively consumed. It is thus preferable to set a large value to the reference value Lo, in order to prevent the exces- 
sive consumption of gasoline. In the example of Fig. 34, the reference value Lo is linearly varied according to the con- 
sumption rate of gasoline. The reference value Lo may, however, be varied non-linearly or in a stepwise manner. 
[0390] The reference value Lo may be set, based on the idea adopted to set the predetermined level Fth of the FC 
fuel, which is used as the criterion to determine whether the use of the fuel cell 60 is allowed or forbidden, in the first 

45 embodiment. Setting a greater value to the reference value Lo tends to restrict the use of the engine 10. Setting a 
smaller value to the reference value Lo, on the contrary, tends to recommend the use of the engine 1 0. When a drive of 
high speed and high torque is demanded, for example, a small value is set to the reference value Lo to recommend the 
preferential use of the engine 1 0. 

[0391 ] The reference value Lo is also regarded as a parameter relating to the time margin between the detection of 
50 little remaining quantity of gasoline and the actual control of the operation of the engine 1 0. According to the drive con- 
trol process discussed above, even if the remaining quantity of gasoline is less than the predetermined reference value 
Ld, the use of the engine 10 continues when the current driving state of the vehicle is included in the varying torque 
area. In the case where a large value is set to the reference value Lo, the control procedure enables the timely reduction 
of the vehicle speed according to the display of little remaining quantity of gasoline. This leads to the smooth change of 
55 the working power source to the motor 20 without making the driver feel uneasy. In the case where a small value is set 
to the reference value Lo, on the other hand, gasoline may be completely used up while the driving state of the vehicle 
is still within the varying torque area. In this case, there is a possibility that the working power source is forcibly changed 
to the motor 20. The forcible change of the working power source causes a significant variation in drive torque, thereby 
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undesirably making the driver feel uneasy and shocked and damaging the good ride of the vehicle. An appropriate vaJue 
that enables the efficient use of the working power source without making the driver feel uneasy should be set to the 
reference value to by comprehensively considering the variety of factors discussed above. 

[0392] The hybrid vehicle of the fourth embodiment discussed above is driven by selectively using the engine 10 
5 and the motor 20 as the working power source according to the remaining quantity of gasoline. With a decrease in 
remaining quantity of gasoline, the control procedure restricts the use of the engine 10 and changes the working power 
source to the motor 20. The changeover of the working power source is performed in the driving state where the drive 
torque does not remarkably vary. The hybrid vehicle of the fourth embodiment thus attains the efficient use of the power 
sources without making the driver feel uneasy and without causing an accidental stop of the vehicle due to the complete 
10 consumption of gasoline. 

H1 . First Modification of Fourth Embodiment 

[0393] The fourth embodiment discussed above regards the general control procedure to selectively use the engine 

is 1 0 and the motor 20 as the working power source. The hybrid vehicle runs with the motor 20 at a low speed and 
changes the working power source to the engine 10 at a speed of or over a preset level. Controlling the changeover of 
the working power source according to the remaining quantity of gasoline effectively prevents the engine 10 from being 
used in an undesired manner, that is, prevents gasoline from being excessively consumed. This control procedure is 
described below as a first modification of the fourth embodiment. j 

so [0394] Fig. 35 is a flowchart showing a drive control routine executed in the first modification of the fourth embodi- 
ment. This routine is carried out when the vehicle is accelerated gradually from the low speed. When the program 
enters the routine of Fig. 35, the CPU of the control unit 70 first receives the input signals at step S700 and determines 
whether or not the current driving state of the vehicle is included in a changeover area from MG drive to engine drive at 
step S702. The decision of step S702 is based on the maps of Figs. B through 1 1 . In the case where the driving state 

25 of the vehicle does not reach the changeover area, the current driving state, that is, the MG drive, should be continued. 
The CPU accordingly exits from the drive control routine of Fig. 35 without any further processing. 
[0395] In the case where the driving state of the vehicle reaches the changeover area from the MG drive to the 
engine drive, the CPU determines whether or not the changeover should be carried out actually according to the 
remaining quantity of gasoline. The remaining quantity of gasoline is thus compared with the predetermined reference 

30 value Lo at step S704. When it is determined at step S704 that there is a sufficient quantity of gasoline, the working 
power source is suitably selected between the engine 1 0 and the motor 20 according to the maps of Figs. 8 through 1 1 , 
which are set as the basic drive patterns, at step S706. In the same manner as the drive control process of the fourth 
embodiment, the CPU then makes a display to inform the driver that the hybrid vehicle is in the normal driving state at 
step S708. 

35 [0396] When it is determined at step S704 that the remaining quantity of gasoline is not greater than the predeter- 
mined reference value Lo, on the other hand, the use of the engine 1 0 is restricted. Even when the driving state of the 
vehicle recommends the changeover of the working power source to the engine 10 according to the maps of Figs. 8 
through 1 1 , the CPU stops the changeover to the engine 1 0 and continues the MG drive at step S71 0. In the same man- 
ner as the drive control process of the fourth embodiment, the CPU then makes a display to inform the driver that the 
40 remaining quantity of gasoline is little and that the hybrid vehicle runs by the MG drive at step S712. 

[0397] The drive control process of the first modification discussed above adequately controls the changeover of 
the working power source to the engine 10 according to the remaining quantity of gasoline. Like the technique of the 
fourth embodiment, the technique of the first modification effectively prevents the excessive consumption of gasoline 
and enables the power sources to be used efficiently In the case of little gasoline, the control procedure of the first mod- 
45 ification forbids the changeover of the working power source to the engine 10. Unlike the fourth embodiment, the tech- 
nique of the first modification protects the driver from an abrupt variation in drive feeling and an unexpected shock 
without considering the difference between the output torques of the engine 10 and the motor 20. 
[0398] In the drive control process of the first modification, the reference value Lo may be set arbitrarily by taking 
into account the various factors discussed in the fourth embodiment. The control procedure of the first modification con- 
st? trols the changeover of the working power source to the engine 1 0, in order to prevent the failure of continuous drive of 
the engine 1 0 due to the shortage of gasoline. It is accordingly desirable to set a relatively large value to the reference 
value Lo. This arrangement allows the changeover of the working power source to the engine 10 only when a suffi- 
ciently quantity of gasoline remains to ensure the continuous drive of the engine 10. This accordingly attains the drive 
fitting the favorable drive feeling of the driver. The reference value Lo may be a fixed value or may alternatively be varied 
55 according to a variety of parameters relating to the drive of the vehicle. 

[0399] The control procedure of the first modification forbids the drive of the engine 1 0 once the remaining quantity 
of gasoline decreases to or below the predetermined reference value Lo, unless another supply of gasoline is fed to the 
hybrid vehicle. A diversity of other techniques may, however, be applicable for the processing carried out when the 
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remaining quantity of gasoline is not greater than the predetermined reference value Lo. One available technique car- 
ries out the changeover of the working power source to the engine 1 0 when the driver steps on the accelerator pedal to 
a preset depth to show a true requirement of the output of high torque. 

5 H2. Second Modification of Fourth Embodiment 

[0400] The first modification refers to the structure of controlling the changeover of the working power source to the 
engine 10 based on only the remaining quantity of gasoline. Another possible procedure controls the changeover by 
taking into account of the output torques of the engine 10 and the motor 20 as well as the remaining quantity of gaso- 

10 line. This control procedure is described below as a second modification of the fourth embodiment. 

[0401] Fig. 36 is a flowchart showing a drive control routine executed in the second modification of the fourth 
embodiment. This routine is also carried out when the vehicle is accelerated gradually from the low speed. When the 
program enters the routine of Fig. 36, the CPU of the control unit 70 first receives the input signals at step S800 and 
specifies a varied driving force area based on the input signals at step S602. 

is [0402] The varied driving force area is synonymous with the varying torque area discussed in the fourth embodi- 
ment. The varying torque area in the fourth embodiment represents a relatively fixed area set in advance in the form of 
a map. The varied driving force area in the second modification, on the other hand, represents an area dynamically var- 
ying according to the working conditions of the respective constituents of the vehicle. This is the reason of the different 
terminology. As described previously in the fourth embodiment, in the varied driving force area, the difference between 

20 the output torque of the engine 1 0 and the output torque of the motor 20 is not a negligible level. The varied driving force 
area is substantially equal to the engine drive area in the maps of Figs. 8 through 1 1 . The varied driving force area is 
affected by the quantity of electric power supplied from the fuel cell 60 or the battery 50 to the motor 20, the warm-up 
state of the fuel cell 60 and the engine 10, and the gear ratio used for the drive. The processing of step S802 specifies 
the varied driving force area by taking into account such effects. The concrete procedure of the second modification 

25 provides maps for setting the varied driving force area corresponding to a variety of conditions and interpolates a suit- 
able one of the maps to specify the varied driving force area. 

[0403] At subsequent step S804, the CPU determines whether or not the current driving state of the vehicle is 
included in the varied driving force area thus specified. When the vehicle is accelerated gradually from the low speed, 
the driving state of the vehicle is first within an even driving force area, in which the equivalent torques are output from 

30 the motor 20 and the engine 10. With an increase in vehicle speed, the driving state shifts to the varied driving force 
area. The processing of step S804 thus determines whether or not the driving state of the vehicle has shifted from the 
even driving force area to the varied driving force area. When it is determined at step S804 that the current driving state 
of the vehicle has not yet been shifted to the varied driving force area but still remains in the even driving force area, the 
changeover of the working power source to the engine 1 0 is not required. The CPU accordingly exits from the drive con- 

35 trol routine of Fig. 36 without any further processing. 

[0404] When it is determined at step S804 that the current driving state of the vehicle is included in the varied driv- 
ing force area, on the other hand, in the same manner as the drive control process of the first modification, the control 
procedure of the second modification controls the changeover of the working power source to the engine 1 0 according 
to the remaining quantity of gasoline. The CPU thus compares the remaining quantity of gasoline with the predeter- 

40 mined reference value Lo at step S806. In the case where the remaining quantity of gasoline is greater than the prede- 
termined reference value Lo, the changeover of the working power source to the engine 10 is carried out according to 
the maps of Figs. 8 through 1 1 at step S808. In the same manner as the drive control process of the fourth embodiment, 
the CPU then makes a display to inform the driver that the hybrid vehicle is in the normal driving state at step S81 0. 
[0405] When it is determined at step S806 that the remaining quantity of gasoline is not greater than the predeter- 

45 mined reference value Lo, on the other hand, the use of the engine 10 is restricted. Even when the driving state of the 
vehicle recommends the changeover of the working power source to the engine 10 according to the maps of Figs. 8 
through 1 1, the CPU stops the changeover to the engine 10 and continues the MG drive at step S812. In the same man- 
ner as the drive control process of the fourth embodiment, the CPU then makes a display to inform the driver that the 
remaining quantity of gasoline is little and that the hybrid vehicle runs by the MG drive at step S814. 

so [0406] The drive control process of the second modification exerts the same effects as those of the drive control 
process of the first modification. The changeover of the working power source to the engine 10 is carried out only when 
the driving state of the vehicle has shifted to the varied driving force area. This arrangement ensures the preferential 
use of the motor 20 and thereby reduces the consumption of gasoline. This accordingly implements the effective use of 
the power sources and improves the driving efficiency and the environmental properties of the hybrid vehicle. 

55 [0407] The techniques of the above embodiments and their modifications control the output characteristics of the 
fuel cell 60, based on at least one of the output sustaining ability of the fuel cell 60 and its rate of change, thereby 
improving the driving efficiency and the environmental properties of the hybrid vehicle. In these embodiments and mod- 
ifications, the remaining quantity of the FC fuel is used as the parameter to define the output sustaining ability of the 
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fuel cell 60. A variety of other parameters, for example, the temperature of the fuel cell 60, may also be used as the 
parameter. 

I. Fifth Embodiment 

5 

II. Structure of System 

[0408] The following describes a fifth embodiment according to the present invention. The hybrid vehicle of the fifth 
embodiment has the same hardware structure as that of the hybrid vehicle of the first embodiment shown in Fig. 1 . As 

to discussed in the first embodiment and shown in Fig. 5, the operation unit 160 has the sports mode switch 163. When 
the sports mode switch 163 is in ON position, the maps are modified to set the lower speeds to the change-speed gear. 
The selection of the sports mode is displayed on an instrument panel in the hybrid vehicle. Fig. 37 shows the instrument 
panel in the hybrid vehicle of the fifth embodiment. A sports mode indicator 223 is provided above the gearshift position 
indicator 220 on the substantial center of the instrument panel. The sports mode indicator 223 lights up when the sports 

15 mode switch 1 63 is set on. 

12. EV Drive Control Process 

[0409] Fig. 38 is a flowchart showing an EV drive control routine executed in the fifth embodiment. The CPU of the 
20 control unit 70 periodically executes this routine at preset time intervals. When the program enters the EV drive control 
routine of Fig. 38, the CPU first receives the inputs regarding the driving conditions of the vehicle at step S1010 and 
determines whether or not the current driving state of the vehicle corresponds to the MG area according to the maps of' 
Figs. 8 through 1 1 discussed in the first embodiment at step S1 020. When it is determined at step S1 020 that the cur- 
rent driving state of the vehicle does not correspond to the MG area, the CPU exits from the EV drive control routine of 
25 Fig. 38 without any further processing. 

[041 0] When it is determined at step S1 020 that the current driving state of the vehicle corresponds to the MG area, 
on the other hand, the CPU carries out the processing to properly use the battery 50 and the fuel cell 60 as the working 
electric power supply. For the proper use of the working electric power supply between the battery 50 and the fuel cell 
60, the CPU compares the observed remaining charge SOC of the battery 50 with a predetermined reference value 
30 L01 1 at step S1 030. The reference value L011 is arbitrarily set according to the factors discussed previously with Fig. 
16. 

[0411] In the case where the remaining charge SOC of the battery 50 is not less than the predetermined reference 
value L01 1 at step S1030, it is determined that the battery 50 has a high charge level. The CPU accordingly drives the 
motor 20 with the battery 50 as the working electric power supply at step SI 050, and stops the operation of the engine 

35 1 0 at step SI 070, in order to use only the motor 20 as the working power source. 

[0412] In the case where the remaining charge SOC of the battery 50 is less than the predetermined reference 
value L01 1 at step S 1 030, on the other hand, it is determined that the battery 50 has a low charge level and forbids the 
output of electric power from the battery 50. The control process then determines whether or not the fuel cell 60 is avail- 
able for the electric power supply. For this purpose, the observed remaining quantity FCL of the FC fuel for the fuel cell 

40 60 is compared with a predetermined level Fth1 1 at step S1 040. The predetermined level Fth1 1 is arbitrarily set accord- 
ing to the factors discussed in the first embodiment. When the remaining quantity FCL of the FC fuel is not less than 
the predetermined level Fth1 1 at step S1 040, it is determined that the fuel cell 60 is available for the electric power sup- 
ply. The CPU accordingly drives the motor 20 with the fuel cell 60 as the working electric power supply at step S1 060. 
Simultaneously the CPU sets the target driving conditions of the motor 20 in the same manner as the processing of step 

45 S60 in the EV drive control routine of the first embodiment. The CPU then stops the operation of the engine 10 at step 
S1070, in order to use only the motor 20 as the working power source. 

[0413] When the remaining quantity FCL of the FC fuel is less than the predetermined level Fthl 1 at step S1 040, 
on the other hand, the use of the fuel cell 60 for the electric power supply is forbidden. In this case, there is no available 
electric power supply. Although the driving state of the vehicle is within the MG area, the CPU gives up the EV drive 
so using the motor 20 as the working power source and drives the hybrid vehicle with the engine 1 0 as the working power 
source at step S1 080. The CPU repeatedly executes the series of the processing, so as to control the drive in the MG 
area. 

[041 4] Fig. 39 shows variations in outputs from the respective power sources and electric power supplies in the EV 
drive control process. The graphs of Fig. 39 show variations in output of the motor 20, output of the battery 50, output 
55 of the fuel cell 60, and output of the engine 1 0 with the elapse of time in the case where the hybrid vehicle, which has 
been at a stop, starts the EV drive. At a time point aO, the hybrid vehicle starts the EV drive. It is assumed that the 
remaining charge SOC of the battery 50 is not less than the predetermined reference value L011 at this moment. 
Under such conditions, the EV drive of the hybrid vehicle starts with the battery 50 as the working electric power supply. 
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After the time point aO, the motor output and the battery output thus respectively rise to preset levels. Since neither the 
fuel cell 60 nor the engine 10 Is used at this moment, the fuel cell output and the engine output are kept equal to zero. 
[0415] At a time point a1 . the motor output reaches a required level. The graphs of the solid line show the variations 
in the case where the battery 50 still has a sufficient level of remaining charge SOC after the time point a1 . fin this case, 

5 the motor output reaches plateau at the required level, and the battery output also has a fixed value. Neither the fuel 
cell 60 nor the engine 1 0 is used yet, so that the fuel cell output and the engine output are kept equal to zero. 
[0416] The graphs of the one-dot chain line show the variations in the case where the remaining charge SOC of the 
battery 50 becomes less than the predetermined reference value L01 1 at the time point at. In this case, the working 
electric power supply used to drive the motor 20 is changed from the battery 50 to the fuel cell 60. The fuel cell 60 starts 

10 driving at the time point al , but has a relatively slow rise of the output. At a time point a2, the electric power output from 
the fuel cell 60 reaches a sufficient level. During a time delay Td1 between the time point a1 and the time point a2, in 
which the output of electric power from the fuel cell 60 does not reach the sufficient level, the electric power of the bat- 
tery 50 is used to compensate for the insufficiency of electric power. As shown by the graph of the one'dot chain line, 
the electric power of the battery 50 is thus not discontinuously lowered to zero at the time point a1, but gradually 

15 decreases to zero in the time delay Td1 . After the time point a2, the motor 20 is driven only with the fuel cell 60 as the 
working electric power supply. 

[0417] At a time point a4, the remaining quantity FCL of the FC fuel becomes less than the predetermined level 
Fth1 1 . Under such conditions, the operation of the motor 20 is stopped, and the working power source used to drive the 
hybrid vehicle is changed from the motor 20 to the engine 10. As shown by the graphs of the one-dot chain line, the 
20 output of the motor 20 decreases while the output of the engine 1 0 increases in a time period between the time point 
a4 and a time point a5. The graphs of Fig. 39 show only an example. The respective outputs vary according to a variety 
of patterns; for example, the motor output is varied in the course of the EV drive using the motor 20 as the working 
power source. 

[0418] The EV drive control process of the fifth embodiment enables the hybrid vehicle to run by the EV drive in the 
25 MG area by selectively using the battery 50 and the fuel cell 60. In the case of the high charge level of the battery 50, 
the battery 50 is used as the electric power supply, irrespective of the remaining quantity FCL of the FC fuel for the fuel 
cell 60. In the structure of the fifth embodiment, the battery 50 is used preferentially over the fuel cell 60 as the working 
electric power supply. When both the battery 50 and the fuel cell 60 are not available for the electric power supply, the 
hybrid vehicle drives with the engine 10 as the power source. 
30 [0419] The battery 50 may be charged with electric power during a run of the hybrid vehicle, so as to be recovered 
to the original charge level before the consumption. The EV drive control process preferentially uses the reversible elec- 
tric power supply, that is, the battery 50, and thereby restricts the use of the irreversible electric power supply, that is, 
the fuel cell 60. Namely this arrangement saves the FC fuel for the desired driving state of the fuel cell 60. The control 
procedure of the fifth embodiment ensures the appropriate use of the electric power supplies in a wide drive range, 
35 thereby enabling the power source of high driving efficiency and excellent environmental properties to be sufficiently 
used. 

[0420] The control process of the fifth embodiment preferentially uses the electric power of the battery 50 and 
thereby improves the energy efficiency of the vehicle. In the hybrid vehicle of the fifth embodiment, the motor 20 carries 
out the regenerative operation, so as to enable the kinetic energy of the vehicle to be regenerated in the form of electric 

to power in the course of braking. In the case where the remaining charge SOC of the battery 50 is close to the full charge 
level, most part of the regenerative electric power can not be accumulated in the battery 50. Namely the kinetic energy 
of the vehicle is not efficiently utilized. The control procedure of this embodiment, on the other hand, preferentially uses 
the electric power of the battery 50. This enables a large portion of the regenerative electric power to be accumulated 
in the battery 50 and used for a subsequent drive. The control process of the fifth embodiment thus improves the energy 

45 efficiency of the hybrid vehicle. 

13. Auxiliary Machinery Drive Control Process 

[0421] Fig. 40 is a flowchart showing an auxiliary machinery, drive control routine executed in the fifth embodiment. 
so The auxiliary machinery drive control routine controls the use of the power sources and the electric power supplies to 
drive the power-driven auxiliary machinery 62. This routine is periodically executed by the CPU in the control unit 70 at 
preset time intervals. When the program enters the routine, the CPU first receives the inputs regarding the driving con- 
ditions of the vehicle at step S1 1 10. 

[0422] The CPU then determines whether or not the current driving state of the vehicle corresponds to the MG area 
55 at step S1 120. When the current driving state does not correspond to the MG area, it means that the engine 1 0 is work- 
ing to drive the hybrid vehicle. In this case, the power-driven auxiliary machinery 82 can be driven with the power of the 
engine 10. The CPU thus exits from the auxiliary machinery drive control routine of Fig. 40 without any further process- 
ing. 
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[0423] When it is determined at step S1 1 20 that the current driving state corresponds to the MG area, on the other 
hand, the operation of the engine 10 Is stopped in principle. While the engine 10 Is at a stop, ft is still required to drive 
the auxiliary machines, such as the air-conditioner and the power steering. In the MG area, ff there Is an available elec- 
tric power supply, the power-driven auxiliary machinery 82 is driven with the auxiliary machinery driving motor 80. The 
5 CPU thus carries out the processing to selectively use the battery 50 and the fuel cell 60 for the working electric power 
supply to drive the auxiliary machines. For the proper use of these electric power supplies, the CPU compares the 
observed remaining charge SOC of the battery 50 with a predetermined reference value L012 at step S1 130. The ref- 
erence value LOl2 is set arbitrarily according to the factors discussed in the first embodiment. 

[0424] In the case where the remaining charge SOC of the battery 50 is not less than the predetermined reference 
w value L0 12 at step S1 130, the CPU determines that the battery 50 has a high charge level. The CPU accordingly drives 
the auxiliary machinery driving motor 80 with the battery 50 as the working electric power supply at step S1150 and 
stops the operation of the engine 10 at step S1 170. In the process of stopping the operation of the engine 10, the input 
clutch 1 8 is coupled to prepare for the requirement of the subsequent output of power from the engine 1 0 to the axle 1 7. 
[0425] In the case where the remaining charge SOC of the battery 50 is less than the predetermined reference 
15 value L012 at step S1 130, on the other hand, the CPU determines that the battery 50 has a low charge level and does 
not allow the use of the battery 50 for the working electric power supply. The CPU then determines whether or not the 
fuel cell 60 is available for the electric power supply. For the purpose of the determination, the CPU compares the 
observed remaining quantity FCL of the FC fuel for the fuel cell 60 with a predetermined level Fth12 at step S1 140. The 
predetermined level Fth1 2 is set arbitrarily according to the factors discussed in the first embodiment. In the case where 
20 the remaining quantity FCL of the FC fuel is not less than the predetermined level Fth1 2 at step S1 1 40, the CPU deter- 
mines that the fuel cell 60 is available for the working electric power supply. The CPU accordingly drives the auxiliary 
machinery driving motor 80 with the fuel cell 60 as the electric power supply at step S1 1 60 and stops the operation of 
the engine 1 0 at step S1170. 

[0426] In the case where the remaining quantity FCL of the FC fuel for the fuel cell 60 is less than the predeter- 
25 mined level Fth12 at step S1 140, on the other hand, the CPU does not allow the use of the fuel cell 60 for the working 
electric power supply. In this case, there is no available electric power supply. The CPU accordingly drives the power- 
driven auxiliary machinery 82 with the engine 1 0 as the power source at step S 11 80. The CPU repeatedly executes the 
series of the processing, so as to control the operation of the power-driven auxiliary machinery 82. 
[0427] The processing of step Si 1 80 causes the engine 1 0 to be driven, but it is not always required to output the 
30 power of the engine 1 0 to the axle 17. For example, while the hybrid vehicle is at a stop, the output of power from the 
engine 10 to the axle 17 is not required. It is, however, required to drive the power-driven auxiliary machinery 82 even 
while the hybrid vehicle is at a stop. In the technique of the fifth embodiment, the processing of step S11 80 also regu- 
lates the input clutch 1 8 disposed between the engine 10 and the motor 20. Namely the procedure determines whether 
or not the output of power from the engine 10 to the axle 17 is required, and couples the input clutch 18 in the case 
35 where the output of power is required. The procedure releases the input clutch 1 8, on the contrary, in the case where 
the output of power is not required. The object of this control is to enable the engine 10 to drive the power'driven auxil- 
iary machinery 82 efficiently. One possible modification keeps the input clutch 18 in the coupling state, irrespective of 
the requirement of the power output to the axle 1 7. 

[0428] In the case of the activation of the engine 10 at step S1 1 80, the power required to charge the battery 50, in 
40 addition to the required driving power corresponding to the auxiliary machine of interest, should be set as the target 
driving conditions of the engine 10. When it is required to drive the engine 10 at step Si 180, the remaining charge SOC 
of the battery 50 is less than the predetermined reference value L012 while the remaining quantity FCL of the FC fuel 
for the fuel cell 60 is less than the predetermined level Fth12. Namely neither the battery 50 nor the fuel cell 60 is avail- 
able for the working electric power supply. The engine 10 is accordingly driven to charge the rechargeable battery 50 
45 and make the battery 50 ready for the future use as the electric power supply. The power of the engine 10 is transmitted 
to the auxiliary machinery driving motor 80 via the power- driven auxiliary machinery 82. The auxiliary machinery driving 
motor 80 is thus driven with the power of the engine 10 to generate electric power and charge the battery 50 with the 
generated electric power. In this state, the changeover switch 83 of the electric power supplies is connected to the bat- 
tery 50. 

so [0429] When the remaining charge SOC of the battery 50 is recovered to the sufficient charge level with the elapse 
of time after the drive of the power-driven auxiliary machinery 82 with the engine 10 starts, the working power source 
to drive the auxiliary machine is changed again from the engine 10 to the auxiliary machinery driving motor 80 using 
the battery 50 as the electric power supply. The control procedure, however, carries out the changeover of the working 
power source from the engine 1 0 to the auxiliary machinery driving motor 80 after the sufficient recovery of the charge 

55 level of the battery 50, in order to prevent the frequent changeover of the working power source between the engine 1 0 
and the auxiliary machinery driving motor 80. For this purpose, the reference value L012 used as the criterion of the 
determination at step S1 1 30 is varied to a sufficiently large value, which allows the continuous operation of the auxiliary 
machinery driving motor 80 for a predetermined time period. The varied reference value LOT 2 is returned to the original 
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value at step S1 1 30 at the time point when the drive of the auxiliary machinery driving motor BO with the battery 50 as 
the electric power supply resumes. 

[0430] Fig. 41 shows the process of changing over the working power source in the auxiliary machinery drive con- 
trol process. The graphs of Fig. 41 show variations in revolving speed of the crankshaft 12 of the engine 10, hydraulic 

5 pressure of the lock-up clutch in the torque converter 30, hydraulic pressure of the input clutch 18, and power of the 
auxiliary machinery driving motor 80 with the elapse of time in the process of changing the working power source to 
drive the power-driven auxiliary machinery 82 from the engine 1 0 to the auxiliary machinery driving motor 80. At a time 
point b1 , the decision is made to change over the working power source to drive the auxiliary machine from the engine 
10 to the auxiliary machinery driving motor 80. This corresponds to the execution of the processing at step S1 150, 

10 based on the result of the decision at step S1 1 30 in the flowchart of Fig. 40. 

[0431] While the power-driven auxiliary machinery 82 is driven with the engine 10 as the power source, the input 
clutch 18 is released as described previously. When the power-driven auxiliary machinery 82 is driven by means of the 
auxiliary machinery driving motor 80, on the other hand, the input clutch 1 8 is coupled to prepare for the output of power 
to the axle 1 7. As shown by the graph of Fig. 41 , the hydraulic pressure of the input clutch 18 increases after the time 

15 point b1, so that the engine 10 is connected to the motor 20. At this moment, the engine 10 is still being rotated. The 
direct linkage of the engine 1 0 with the motor 20 may thus cause an unexpected torque to be output to the axle. Simul- 
taneously with the coupling of the input clutch 1 8, the control procedure accordingly reduces the hydraulic pressure of 
the lock-up clutch in the torque converter 30, so as to release the lock-up clutch. The release of the lock-up clutch 
causes a slip between the input shaft and the output shaft of the torque converter 30, thereby avoiding the problems 

20 discussed above. At a time point b2, the coupling of the input clutch 1 B and the release of the lock-up clutch are com- 
pleted. At this time point, the control procedure stops the operation of the engine 1 0 and starts the operation of the aux- 
iliary machinery driving motor 80. The power-driven auxiliary machinery 82 is then driven with the power of the auxiliary 
machinery driving motor 80. 

[0432] The following describes the setting of the reference value L012 with Fig. 1 6 discussed in the first embodi- 
es ment. In the same manner as the EV drive control process of the first embodiment, the low charge level SOC3 shown 
in Fig. 16 is set to the reference value L012 by taking into account the marginal charge in the course of regenerative 
braking, the electric power required in the transient period when the working electric power supply is being changed to 
the fuel cell 60, and the reduced consumption of the FC fuel for the fuel cell 60. The auxiliary machinery drive control 
process varies the reference value LOI 2 to allow the charging of the battery*5D while the power-driven auxiliary machin- 
30 ery 82 is driven with the engine 10. In this case, the high charge level SOC1 shown in Fig. 16 is set to the reference 
value L012. 

[0433] The auxiliary machinery drive control routine of Fig. 40 is periodically executed as mentioned previously. The 
auxiliary machinery drive control routine is accordingly executed after it has been determined that there is no available 
electric power supply in the previous cycle of the routine and the drive of the auxiliary machine with the engine 1 0 has 

35 started. It is again determined whether or not the battery 50 is available for the working electric power supply at step 
S1 1 30. Here it is assumed that the reference value L012 used as the criterion of the decision is fixed to the low charge 
level SOC3 shown in Frg. 16. Even the slight charging of the battery 50 with the power of the engine 10 causes the 
remaining charge SOC of the battery 50 to reach or exceed the reference value SOC3. As a result, it is determined at 
step S11 30 that the battery 50 is available for the working electric power supply. The procedure accordingly stops the 

40 drive of the auxiliary machine by means of the engine 10 and the charging of the battery 50, and causes the auxiliary 
machine to be driven by means of the auxiliary machinery driving motor 80 using the battery 50 as the electric power 
supply. The remaining charge SOC of the battery 50 is, however, only a little greater than the reference value SOC3. 
The consumption of electric power by driving the auxiliary machinery driving motor 80 then causes the remaining 
charge SOC of the battery 50 to decrease to or below the reference value SOC3 within a very short time. Setting the 

45 fixed value SOC3 to the reference value L012 thus undesirably causes the frequent change of the working power 
source between the engine 10 and the auxiliary machinery driving motor 80 using the electric power of the battery 50. 
[0434] The control procedure of the fifth embodiment, however, varies the reference value LOI 2 from the low 
charge level SOC3 to the high charge level SOC1 shown in Fig. 16, at the time point when charging the battery 50 with 
the engine 1 0 has started. This ensures the continuous charge of the battery 50 until the remaining charge SOC of the 

so battery 50 reaches or exceeds the high charge level SOC1 . When the remaining charge SOC of the battery 50 reaches 
or exceeds the reference value SOC 1 , the drive of the auxiliary machinery driving motor 80 starts with the battery 50 
as the electric power supply, based on the result of the decision at step S1 130. At the time point when the drive of the 
auxiliary machinery driving motor 80 starts, the reference value LOI 2 is returned to the low charge level SOC shown in 
Fig. 16. This arrangement ensures the continuous drive of the auxiliary machinery driving motor 80 until the remaining 

55 charge SOC of the battery 50 decreases to or below the low charge level SOC3. This gives a kind of hysteresis to the 
setting of the reference value L012. The arrangement of the fifth embodiment accordingly enables the smooth change 
of the working power source between the engine 1 0 and the auxiliary machinery driving motor 80. 
[0435] The maximum charging capacity of the battery 50 may be set to the reference value L012 during the charg- 
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ing operation. Setting such a high reference value L012, however, undesirably lengthens the operation time of the 
engine 10, which leads to disadvantages of the poor fuel consumption and environmental properties. In some cases, 
the auxiliary machinery drive control routine Is ended and the hybrid vehicle starts driving in the course of charging the 
battery 50. Setting the high reference value L012 may reduce the margin for charging the battery 50 with the regener- 
5 ative electric power after the start of the drive. By taking into account these factors, the control procedure of this embod- 
iment sets a high charge level, which is a little less than the maximum charging capacity; to the reference value L012 
during the charging operation. 

[0436] The auxiliary machinery drive control process discussed above enables the power-driven auxiliary machin- 
ery 82 to be driven in the MG area by selectively using the battery 50 and the fuel cell 60 as the working electric power 

10 supply. In the case where the battery 50 has a high charge level, the control procedure of the fifth embodiment uses the 
battery 50 for the working electric power supply, irrespective of the remaining quantity FCL of the FC fuel for the fuel 
cell 60. Namely the procedure uses the battery 50 preferentially over the fuel cell 60 for the electric power supply. When 
neither the battery 50 nor the fuel cell 60 is available for the electric power supply, the power-driven auxiliary machinery 
82 is driven with the engine 10 as the power source. Simultaneously with the drive of the auxiliary machine by means 

is of the engine 1 0 as the power source, the battery 50 may be charged with the power of the engine 10. 

[0437] The preferential use of the battery 50 over the fuel cell 60 preferably restricts the use of the irreversible elec- 
tric power supply, that is, the fuel cell 60. Namely this arrangement saves the FC fuel for the desired driving state of the 
fuel cell 60. The control procedure of the fifth embodiment ensures the appropriate use of the electric power supplies 
in a wide drive range. The preferential use of the electric power of the battery 50 ensures the margin for charging the 

20 battery 50 in the course of regenerative braking, thereby improving the energy efficiency of the vehicle. 

14. Power Assist Control Process 

[0438] Fig. 42 is a flowchart showing a power assist control routine executed in the fifth embodiment In the hybrid 

25 vehicle of the fifth embodiment, the motor 20 may be driven in the course of the engine drive, so as to assist the output 
of the engine 1 0 and enable a drive with the output of a high torque. The power assist control routine controls the use 
of the power sources and the electric power supplies when the high torque is required and the hybrid vehicle runs with 
both the engine 1 0 and the motor 20 as the working power sources. The power assist control routine of Fig. 42 is peri- 
odically executed by the CPU in the control unit 70 at preset time intervals. When the program enters the routine of Fig. 

30 42, the CPU first receives the inputs regarding the driving conditions of the vehicle at step S1210. The concrete 
processing of step S1210 receives the inputs from the variety of sensors shown in Fig. 7 discussed in the first embod- 
iment. Among the diversity of inputs, the pieces of information on the gearshift position, the vehicle speed, the acceler- 
ator travel, the remaining charge SOC of the battery 50, and the remaining quantity FCL of the FC fuel for the fuel cell 
60 are especially involved in the subsequent processing. 

35 [0439] The CPU then compares a rate of change A6 in accelerator travel, that is, a variation in accelerator travel per 
unit time, with a predetermined value A61 at step S1220. The high torque is required, for example, in the case of the 
abrupt acceleration of the vehicle. In such cases, the accelerator pedal is abruptly stepped on. The control process of 
the embodiment thus determines whether or not a high torque is required, based on the rate of change AO in accelerator 
travel. In the case where the rate of change A8 in accelerator travel is less than the predetermined value A61 at step 

40 S1220, the CPU determines that the high torque is not required. This means that the power assist control to drive the 
motor 20 and assist the output of the engine 1 0 is not required. The CPU accordingly exits from the power assist control 
routine of Fig. 42 without any further processing. 

[0440] In the case where the rate of change AG in accelerator travel is not less than the predetermined value A61 
at step S1220, the CPU determines that the high torque is required. The CPU thus performs the power assist control 
45 with the motor 20 and carries out the processing to selectively use the battery 50 and the fuel cell 60 as the working 
electric power supply to drive the motor 20. For this purpose, the CPU first compares the observed remaining charge 
SOC of the battery 50 with a predetermined reference value LOl 3 at step SI 230. The reference value LOI 3 is set arbi- 
trarily according to the factors discussed in the first embodiment. 

[0441] In the case where the remaining charge SOC of the battery 50 is not less than the predetermined reference 
so value LOI 3 at step S1 230, the CPU determines that the battery 50 has a high charge level. The CPU accordingly drives 
the motor 20 with the battery 50 as the electric power supply at step S1260. 

[0442] In the case where the remaining charge SOC of the battery 50 is less than the predetermined reference 
value L013 at step Si 230, on the other hand, the CPU determines that the battery 50 has a low charge level and does 
not allow the use of the electric power accumulated in the battery 50. The CPU then determines whether or not the fuel 
55 cell 60 is available for the working electric power supply. For this purpose, the CPU compares the observed remaining 
quantity FCL of the FC fuel for the fuel cell 60 with a predetermined level Fth13 at step S1240. The predetermined level 
Fth1 3 is set arbitrarily according to the factors discussed in the first embodiment. In the case where the remaining quan- 
tity FCL of the FC fuel is not less than the predetermined level Fth13 at step S1240, the CPU determines that the fuel 
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celt 60 is available for the working electric power supply and drives the motor 20 with the fuel cell 60 as the electric 
power supply. The control procedure of the embodiment charges the battery 50 with the electric power of the fuel cell 
60 at step 51 250 and causes the motor 20 to be driven with the electric power of the battery 50 at step S1260. 
[0443] The control process of the fifth embodiment charges the battery 50 with the electric power output from the 

5 fuel cell 60 by considering the characteristics of the fuel cell 60. As described previously, there is a certain time delay 
between the start of power generation in the fuel cell 60 and the actual supply of the sufficient electric power. In the 
power assist control process, there is a high possibility that the power to be output from the motor 20 varies frequently 
and thereby that the electric power to be output from the working electric power supply varies frequently. The electric 
power supply should thus output the electric power to sufficiently follow such a frequent variation. The fuel cell 60 hav- 

10 ing the above time delay, however, can not sufficiently follow such a frequent variation. From this point of view, the con- 
trol process of the embodiment preferentially uses the battery 50 of good response as the working electric power 
supply, so that the battery 50 is charged with the electric power of the fuel cell 60. One possible modification connects 
both the battery 50 and the fuel cell 60 with the motor 20 as the available electric power supplies and regulates the 
switching operations of the driving circuits 51 and 52. This controls the two electric power supplies to output the electric 

is power with a required response. 

[0444] in the case where the remaining quantity FCL of the FC fuel for the fuel cell 60 is less than the predeter- 
mined level Fth13 at step S1240, on the other hand, the CPU does not allow the use of the fuel cell 60 for the working 
electric power supply. In this case, there is no available electric power supply. The CPU accordingly enhances the out- 
put of the engine 1 0 to a specific degree corresponding to the level of the power assist control at step S1270. In the 

20 case of no available electric power supply, the possible procedure may stop the power assist control, that is, the output 
of the high torque. In the case of stopping the output of the high torque, however, the response of the vehicle to an iden- 
tical operation of the accelerator pedal is varied according to the state of the electric power supply. Such a variation 
undesirably makes the driver feel significantly uneasy. The control process of the embodiment thus enhances the output 
of the engine 10, in order to attain a substantially fixed response irrespective of the state of the electric power supply. 

25 The CPU repeatedly executes the series of the processing, so as to implement the power assist control. 

[0445] Fig. 43 shows the process of changing over the working electric power supply in the power assist control 
process. The graphs of Fig. 43 show variations in output of the motor 20, output of the battery 50, and output of the fuel 
cell 60 with the elapse of time in the case of a requirement of the power assist control. At a time point cO, the require- 
ment of the power assist control is issued. This corresponds to the decision at step S1220 that the rate of change A6 in 

30 accelerator travel is not less than the predetermined value AG1 in the flowchart of Fig. 42. 

[0446] In response to the requirement of the power assist control, the output of the motor 20 is enhanced after the 
time point cO as shown by the graph of Fig. 43. The output of the motor 20 actually varies according to the stepon con- 
ditions of the accelerator pedal, although the output of the motor 20 linearly increases to a fixed value in the graph of 
Fig, 43. It is here assumed that the battery 50 has a sufficient level of remaining charge SOC at the time point cO. At 

35 this moment, the output of the fuel cell 60 is kept zero. 

[0447] At a time point c1 , the remaining charge SOC of the battery 50 becomes less than the predetermined refer- 
ence value L013. The fuel cell 60 accordingly starts driving at the time point d to output electric power as shown by 
the graph of the one-dot chain line. As discussed above, the processing of step S1250 charges the battery 50 with the 
electric power of the fuel ceil 60 and causes the motor 20 to be driven with the electric power of the battery 50. Even 

40 after the enhanced output of power from the fuel cell 60, the output of the battery 50 is thus kept at the fixed value cor- 
responding to the output of the motor 20. The electric power output from the battery 50 is practically generated by the 
fuel cell 60. 

[0448] At a time point c7, the requirement of the power assist control is ended. Namely the rate of change A6 in 
accelerator travel becomes less than the predetermined value A01. This shifts the driving state of the hybrid vehicle to 

45 the engine drive and lowers the output of the motor 20 to zero. With the decrease in output of the motor 20, the outputs 
of both the battery 50 and the fuel cell 60 decrease. When the battery 50 has a sufficiently high level of remaining 
charge SOC, on the other hand, the output of the fuel cell 60 is kept zero as shown by the graph of the solid line. 
[0449] The power assist control process discussed above enables the motor 20 to be driven in the engine drive 
area by selectively using the battery 50 and the fuel cell 60 as the working electric power supply to assist the output of 

so the engine 1 0. The control process preferentially uses the battery 50 over the fuel cell 60 for the working electric power 
supply, thereby restricting the use of the irreversible electric power supply, that is, the fuel cell 60. The control procedure 
of the fifth embodiment ensures the appropriate use of the electric power supplies in a wide drive range. The preferen- 
tial use of the electric power of the battery 50 ensures the margin for charging the battery 50 in the course of regener- 
ative braking, thereby improving the energy efficiency of the vehicle. 

55 [0450] When the charge level of the battery 50 has decreased to or below the predetermined reference value L01 3, 
the power assist control process of the embodiment uses not only the fuel ceil 60 but the battery 50 as the working elec- 
tric power supplies. The combined use of the battery 50 and the fuel cell 60 enables the battery 50 to compensate for 
the poor response of the fuel cell 60 and thereby attains a drive of the motor 20 with a quick response to the requirement 
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of the driver. 

[0451] The power assist control process enhances the output of the engine 10 in the case where the remaining 
quantity FCL of the FC fuel for the fuel cell 60 becomes less than the predetermined Level Fth1 3. The enhanced output 
desirably prevents the driver from feeling significantly uneasy due to the difference in response between in the presence 

5 of and in the absence of the available electric power supply. In the case of no available electric power supply, the control 
process of the embodiment does not cause the auxiliary machinery driving motor 80 to generate electric power and 
charge the battery 50. This ensures the output of the sufficient torque from the engine 10 in the absence of available 
electric power supply. The direct output of the power from the engine 1 0 to the axle 1 7 attains a drive with a higher effi- 
ciency, compared with the structure in which the power output from the engine 10 is once converted to electric power 

10 and then reconverted to power by the motor 20. 

15. Vehicle Stop- or Speed Reduction-Time Control Process 

[0452] Fig. 44 is a flowchart showing a vehicle stop- or speed reduction-time control routine executed in the fifth 
is embodiment The vehicle stop- or speed reduction-time control process regulates the working conditions of the fuel cell 
60 while the vehicle is at a stop or during the speed reduction. This routine is also executed periodically by the CPU in 
the control unit 70 at preset time intervals. When the program enters the routine of Fig. 44, the CPU first receives the 
inputs regarding the driving conditions of the vehicle at step S1310. The concrete processing of step S1310 receives 
the inputs from the variety of sensors shown in Fig. 7 discussed in the first embodiment Among the diversity of inputs, 
20 the pieces of information on the gearshift position, the vehicle speed, the accelerator travel, the on -off state of the park- 
ing brake, the amount of actuation of the brake pedal, the temperature of the fuel cell 60, and the water temperature in 
the engine 10 are especially involved in the subsequent processing. 

[0453] The CPU then determines whether or not the hybrid vehicle is either at a stop or being decelerated at step 
S1320. The decision of step S1320 is based on a variety of conditions. The control process of the embodiment deter- 
25 mines that the hybrid vehicle is either at a stop or being decelerated when at least one of the following conditions is sat- 
isfied: the gearshift position is either the position N or the position P 1 , 'either the brake pedal or the parking brake is ON 
position 1 , the accelerator travel is in the full closed position', the vehicle speed decreases', and the the vehicle speed 
is substantially equal to zero'. 

[0454] When none of these conditions is satisfied, it is determined that the hybrid vehicle is either in a cruise or 
so being accelerated. The CPU accordingly sets a p re-power generation mode to the working conditions of the fuel cell 60 
at step S1370, and exits from this routine. The pre-power generation mode causes the fuel cell 60 to generate a fixed 
quantity of electric power in advance, so as to enable a quick start of power output in response to the requirement of 
the power generation. The quantity of electric power to be generated in the pre-power generation mode is determined 
appropriately according to the remaining quantity FCL of the FC fuel for the fuel cell 60 and the allowable time delay 
35 between the requirement of power generation to the fuel cell 60 and the actual output of electric power. As described 
previously, the hybrid vehicle of the embodiment does not always use the fuel cell 60 as the working electric power sup- 
ply in each drive control process. The processing of step S1370 may thus be omitted. 

[0455] When it is determined at step S1320 that the hybrid vehicle is either at a stop or being decelerated, on the 
other hand, the CPU subsequently determines whether or not the warm-up of the fuel cell 60 is required at step S1 330. 

40 The fuel ceil 60 of the low temperature requires a relatively long time before the start of power generation. In this state, 
the fuel cell 60 can not be fully utilized during a drive. When the temperature of the fuel cell 60 is not higher than a pre- 
determined level and it is thereby determined at step S1 330 that the warm-up of the fuel cell 60 is required, the fuel cell 
60 is warmed up to make the response delay of the output of electric power from the fuel cell 60 within a preset range 
at step S1350. The concrete processing of step S1350 sets a full power generation mode to the working conditions of 

45 the fuel cell 60. The electric power output from the fuel cell 60 may be used to charge the battery 50 and drive a diversity 
of power-driven equipment mounted on the vehicle. 

[0456] When it is determined at step Si 330 that the warm-up of the fuel cell 60 is not required, the CPU subse- 
quently determines whether or not the warm-up of the engine 10 is required at step S1340. The decision of step S1340 
is based on the determination of whether the water temperature in the engine 10 is not lower than a predetermined 

so level. When it is determined at step S1 340 that the warm-up of the engine 1 0 is required, the engine 1 0 is warmed up. 
In a conventional vehicle, the warm-up of the engine 10 is attained by driving the engine 10 at a preset idle speed. This 
warm-up operation, however, undesirably lowers the fuel consumption and increases the emission to adversely affect 
the environment. The technique of the embodiment , on the other hand, causes the motor 20 to motor the engine 10 
and warms the engine 1 0 up by utilizing the friction occurring in the cylinder of the engine 1 0 and the heat by pumping. 

55 This warm-up techniques requires the electric power to drive the motor 20. When it is determined at step S1340 that 
the warm-up of the engine 10 is required, the CPU sets the full power generation mode to the working conditions of the 
fuel cell 60 at step S1350, in order to ensure the sufficient supply of electric power. 

[0457] When it is determined at step S1 340 that the warm-up of the engine 1 0 is not required, the CPU determines 
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that there will be no requirement of electro power for some time. The CPU accordingly sets a stand-by mode to the 
working conditions of the fuel cell 60 at step SI 360. Like the prepower generation mode (step SI 370), the stand-by 
mode drives the fuel cell 60 to output a certain quantity of electric power. The quantity of electric power to be generated 
in the stand-by mode is, however, significantly smaller than that in the pre-power generation mode. In the stand-by 
5 mode, the fuel cell 60 is driven to output a certain level of electric power that protects the fuel cell 60 from a further tem- 
perature decrease and another requirement of warm-up, while the consumption of the FC fuel for the fuel cell 60 is 
restricted. The actual quantity of electric power to be generated in the stand-by mode is determined by taking into 
account the characteristics of the fuel cell 60. 

[0458] In the flowchart of Fig. 44, the fuel cell 60 is driven in the stand-by mode at step S1360. One possible mod- 
w ification of the processing at step SI 360 causes the fuel cell 60 to be selectively driven in the stand-by mode or stopped 
according to the remaining charge of the battery SO. In the case where the remaining charge of the battery 50 is not 
Less than a predetermined reference value, there is little possibility that the output of electric power from the fuel cell 
60 is required soon. The operation of the fuel cell 60 is accordingly stopped at step S1360. In the case where the 
remaining charge of the battery 50 is less than the predetermined reference value, on the other hand, there is a fair pos- 
is sibility that the output of electric power from the fuel cell 60 is required soon. The fuel cell 60 is accordingly driven in the 
stand-by mode at step S1360. Such selection for the working state of the fuel cell 60 is described below. 
[0459] Fig. 45 shows the process of changing over the working electric power supply in the vehicle stop- or speed 
reduction-time control process. In the example of Fig. 45, the working state of the fuel cell 60 is changed according to 
the remaining charge of the battery 50. The graphs of Fig. 45 show variations in output of the fuel cell 60, output of the 
20 battery 50, and accelerator travel with the elapse of time in the case where the accelerator pedal is set in the full closed 
state during a drive at a certain accelerator travel. The graphs of the solid line show the measurement results when the 
remaining charge of the battery 5b is not less than the predetermined reference value. The graphs of the one-dot chain 
line show the measurement results when the remaining charge of the battery 50 is less than the predetermined refer- 
ence value. 

25 [0460] At a time point dO, the accelerator pedal is set in the full closed state. This corresponds to the state in which 
at least one of the conditions is satisfied to determine that the hybrid vehicle is either at a stop or being decelerated at 
step S1320. In the case of no requirement of the warm'up of either the fuel cell 60 or the engine 10, the CPU executes 
the processing of step S13G0 in the control routine of Fig. 44. 

[0461] The description first regards the state in which the battery 50 has a high remaining charge, that is, the state 
30 shown by the graphs of the solid line. In the case where the battery 50 has a high remaining charge, the battery 50 is 
used preferentially over the fuel cell 60 as described previously in the variety of drive control processes. Before the time 
point do, only the battery 50 has a certain level of output, while the output of the fuel cell 60 is kept zero. When at least 
one of the conditions is satisfied to determine that the vehicle is either at a stop or being decelerated at the time point 
do, there is no requirement of further output of electric power. The output of the battery 50 accordingly decrease to zero. 
35 There is little possibility that the output of electric power from the fuel cell 60 is required soon. The operation of the fuel 
cell 60 is accordingly stopped at step S1360. Namely the output of the fuel cell 60 is kept zero. 

[0462] In response to another step- on action of the accelerator pedal at a time point d1 , none of the conditions is 
satisfied to determine that the vehicle is either at a stop or being decelerated at step S1320. The hybrid vehicle is 
accordingly driven with the power output from the motor 20. In the case where the battery 50 has a high remaining 
40 charge, the motor 20 is driven with the battery 50 as the working electric power supply. As shown by the graph of the 
solid line, the output of the battery 50 increases again to the certain level at and after the time point dl. The electric 
power of the fuel cell 60 is not required, so that the output of the fuel cell 60 is kept zero. 

[0463] The description then regards the state in which the battery 50 has a low remaining charge, that is the state 
shown by the graphs of the one-dot chain line. The electric power accumulated in the battery 50 is not used because of 
45 the low remaining charge thereof. Before the time point dO, the fuel cell 60 outputs a certain level of electric power, while 
the output of the battery 50 is kept zero. 

[0464] When the accelerator pedal is set in the full closed state at the time point dO and at least one of the condi- 
tions is satisfied to determine that the vehicle is either at a stop or being decelerated, the processing of step S1360 is 
executed in the flowchart of Fig. 44. In the case where the battery 50 has a low remaining charge, there is a fair possi- 

so bility that the output of electric power from the fuel cell 60 is required soon. The fuel cell 60 is accordingly driven in the 
stand-by mode to continuously output a very low level of electric power. The output of the battery 50 is still kept zero. 
[0465] in response to another step-on action of the accelerator pedal at the time point dl , the hybrid vehicle runs 
by means of the motor 20, which is driven with the fuel cell 60 as the working electric power supply. As shown by the 
graph of the one-dot chain line, the output of the fuel cell 60 accordingly increases again to the certain level at and after 

55 the time point d1 . Since the electric power of the battery 50 is not used, so that the output of the battery 50 is kept zero. 
The fuel cell 60 is driven in the stand-by mode in the time period between the time points do and d1 , so as to ensure a 
relatively quick output of electric power In the example discussed here, the electric power of the battery 50 is not used 
at ail when the battery 50 has a low remaining charge. As discussed previously in the variety of drive control processes, 
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however, the electric power of the battery 50 may be used to an allowable extent in the transient period before the fuel 
cell 60 ensures output of a sufficient level of electric power. 

[0466] In the vehicle stop- or speed reduction -time control process discussed above, the fuel cell 60 is driven in the 
pre-power generation mode (step SI 370 In the flowchart of Fig. 44) when there is a fair possibility that the output of 
5 electric power from the fuel cell 60 is required soon, for example, during a drive of the hybrid vehicle. This arrangement 
favorably shortens the response delay of the output of electric power from the fuel cell 60. 

[0467] In the vehicle stop- or speed reduction-time control process of this embodiment, when there is little possibil- 
ity that the output of electric power from the fuel cell 60 is required soon, the fuel ceil 60 is driven in the stand-by mode 
(step S1360 in the flowchart of Fig. 44). This arrangement desirably prevents the FC fuel for the fuel cell 60 from being 

10 wasted. The modified procedure changes the working state of the fuel cell 60 between the stop and the driven in the 
stand-by mode according to the remaining charge of the battery 50. This further saves the FC fuel for the fuel cell 60. 
[0468] In the flowchart of Fig. 44, the fuel cell 60 is driven in the stand-by mode when it is determined that the hybrid 
vehicle is either at a stop or being decelerated. The control process of this embodiment causes the fuel cell 60 to be 
driven to allow a quickest possible response when there is a fair possibility that the output of electric power from the fuel 

15 cell 60 is required soon. The control process, on the other hand, causes the fuel ceil 60 to be driven to save the FC fuel 
when there is little possibility that the output of electric power from the fuel cell 60 is required soon. The control process 
shown in the flowchart of Fig. 44 is only an illustrative and regards the vehicle stop- or speed reduction-time as one of 
the exemplified occasions when there is Tittle possibility that the output of electric power from the fuel cell 60 is required 
soon. The similar control process is adopted in any case where there is little possibility that enhancement of the output 

20 power is required soon. 

[0469] The hybrid vehicle may have a GPS (global positioning system) and a ViCS (vehicle information & commu- 
nication system) mounted thereon to obtain traffic information- on the planned route that the hybrid vehicle may take. In 
the hybrid vehicle of this structure, the above control process may be carried out not only at the time of stop or speed 
reduction of the vehicle but even during a drive of the vehicle. The GPS specifies the position of the vehicle on the map 

25 based on the input signals from the satellite. The VICS detects the traffic density on the planned route, which the hybrid 
vehicle may take, based on the traffic information transmitted from the outside. When the planned route has heavy traf- 
fic, there is little possibility that the abrupt enhancement of the power of the hybrid vehicle is required. In this case, the 
condition that 'the planned route has heavy traffic' is added to the conditions of. the decision at step S1320 in the flow- 
chart of Fig. 44. In the case of a traffic jam, the fuel cell 60 is driven in the stand-by mode, in order to save the FC fuel. 

30 The fuel cell. 60 may also be driven in the stand-by mode under a diversity of conditions, for example, in the case where 
the planned route has an upward slope. 

[0470] As described above in the respective control processes, the hybrid vehicle of the fifth embodiment selec- 
tively uses the two electric power supplies, that is, the battery 50 and the fuel cell 60, according to the driving conditions 
of the vehicle. The hybrid vehicle also selectively uses the two power sources, that is, the motor 20 and the engine 10. 
35 This arrangement enables the hybrid vehicle to attain a drive of excellent fuel consumption and environmental proper- 
ties. 

16. First Modification 

40 [0471] The technique of the fifth embodiment discussed above selectively uses the engine 1 0 and the motor 20 as 
the working power source. The combined use of the engine 10 and the motor 20 is limited to only the power assist con- 
trol process, which is executed in response to an abrupt step-on action of the accelerator pedal. One modified control 
procedure drives both the engine 10 and the motor 20 when the accelerator travel is not less than a predetermined 
value. This control procedure is discussed below as a first modification of the fifth embodiment 

45 [0472] The control procedure of the first modification uses maps different from those of Rgs. 8 through 1 1 dis- 
cussed in the first embodiment to represent the relationship between the working power source and the available 
speeds. Fig. 46 is a map showing the available speeds mapped to the respective driving conditions of the vehicle in the 
control process of the first modification. The map of Fig. 46 shows available speeds mapped to the respective driving 
conditions of the vehicle at the drive position (D), the fourth position (4), and the third position (3). The settings of the 

so MG area, in which the hybrid vehicle drives with the motor 20 as the working power source, and the available speeds 
of the transmission 100 in the map of Fig. 46 are identical with those in the map of Fig. 8. The difference from the map 
of Fig. 8 adopted in the control process of the fifth embodiment is that an MG assist area is set in a preset range of high 
accelerator travel in the map of Fig. 46 adopted in the control process of the first modification. In the MG assist area, 
both the engine 1 0 and the motor 20 are driven to output a high torque. This corresponds to the power assist control 

55 executed in the fifth embodiment The MG assist area is set in advance in the maps adopted in the control process of 
the first modification. Whether or not the accelerator pedal is abruptly stepped on, the MG assist control is carried out 
when the driver steps on the accelerator pedal to or above a predetermined accelerator travel. 

[0473] The MG assist area is set at each gearshift position. Fig. 47 is a map showing the available speeds mapped 
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to the respective driving conditions of the vehicle at the position 2 in the control process of the first modification. The 
settings of the MG area and the available speeds of the transmission 1 00 In the map of Fig. 47 are Identical with those 
In the map of Fig. 9. In the map with regard to the position 2 adopted In the control process of the first modification, the 
MG assist area is also set in the preset range of high accelerator travel. The setting of the MG assist area in the map 
5 of Fig. 47 with regard to the position 2 is identical with that in the map of Fig. 46 with regard to the position D. The MG 
assist area may alternatively be set in a different range according to the gearshift position. 

[0474] Fig. 48 is a map showing the available speed according to the driving conditions of the vehicle at the position 
L in the control process of the first modification. The settings of the MG area and the available speed of the transmission 
1 00 in the map of Fig. 48 are identical with those in the map of Fig. 10. The setting of the MG assist area in the map of 

10 Fig. 48 with regard to the position L is identical with that in the map of Fig. 46 with regard to the position D. Fig. 49 is a 
map showing the available speed according to the driving conditions of the vehicle at the position R in the control proc- 
ess of the first modification. The settings of the MG area and the available speed of the transmission 100 in the map of 
Fig. 49 are identical with those in the map of Fig. 11. In the map with regard to the position R adopted in the control 
process of the first modification, the MG assist area is also set in the preset range of high accelerator travel. There is, 

is however, a relatively little possibility that the high torque is required at the position R. The MG assist area may thus not 
be set at the position R. 

[0475] Fig. 50 is a flowchart showing a power assist control routine executed in the first modification of the fifth 
embodiment. The power assist control routine controls the use of the electric power supplies and the power sources in 
the MG assist area shown in the maps of Figs. 46 through 49. In the same manner as the power assist control routine 
20 of the fifth embodiment, the CPU in the control unit 70 periodically executes this power assist control routine of Fig. 50 
at preset time intervals. When the program enters the power assist control routine, the CPU first receives the inputs 
regarding the driving conditions of the vehicle at step S1410. 

[0476] The CPU then compares the observed accelerator travel 8 with a predetermined reference value 8L at step 
S1420. The predetermined reference value 6L represents a lowest possible accelerator travel in the MG assist area set 

25 in the maps of Figs. 46 through 49 at the respective gearshift positions. A high torque is generally required on an 
upward slope or during a high-speed drive. In such cases, the accelerator travel increases. In the maps of Figs. 46 
through 49 adopted in the control process of the first modification, the MG assist area is set to enable output of a high 
torque in these conditions. In the case where the observed accelerator travel 6 is less than the predetermined reference 
value 9L at step SI 420, it means that there is no requirement of high torque. In this case, activation of the motor 20 for 

30 the power assist control is not required. The CPU accordingly exits from the power assist control routine without any 
further processing. 

[0477] In the case where the observed accelerator travel 8 is not less than the predetermined reference value 8L at 
step S1420, on the other hand, the CPU determines that the driving state of the vehicle corresponds to the MG assist 
area and that the high torque is required. The CPU accordingly carries out the power assist control and drives the motor 

35 20 by selectively using the battery 50 and the fuel cell 60 as the working electric power supply. For the purpose of the 
appropriate selection of the working electric power supply, the CPU compares the remaining charge SOC of the battery 
50 with a predetermined reference value L014 at step S1430. Any value of greater than zero may be set arbitrarily to 
the reference value L014. A relatively large electric power is required in the course of the power assist control with the 
motor 20. Setting an extremely small value to the reference value L014 may prevent the battery 50 from compensating 

40 for the response delay of the output of electric power from the fuel cell 60 and supplying a sufficient level of electric 
power to the motor 20. The control procedure of the first modification accordingly sets a greater value to the reference 
value L014 than the reference value L01 1 used as the criterion of decision in the EV drive control routine of Fig. 38. 
[0478] In the case where the remaining charge SOC of the battery 50 is not less than the predetermined reference 
value L014 at step S1430, it is determined that the battery 50 has a high charge level. The CPU accordingly drives the 

45 motor 20 with the battery 50 as the working electric power supply at steps S1 450 and S1 470. The engine 1 0 continues 
the current driving state. 

[0479] In the case where the remaining charge SOC of the battery 50 is less than the predetermined reference 
value L014 at step S1430, on the other hand, it is determined that the battery 50 has a low charge level and that the 
use of the electric power accumulated in the battery 50 is not allowed. The CPU then determines whether or not the 

so fuel cell 60 is available for the working electric power supply. For the purpose of such decision, the CPU compares the 
remaining quantity FCL of the FC fuel for the fuel cell 60 with a predetermined level Fth14 at step S1440. The prede- 
termined level Fth14 is set arbitrarily. In the power assist control process of the first modification, there is little require- 
ment of using the fuel cell 60. The predetermined level Fth14 used as the criterion of decision in the power assist control 
routine of the first modification is thus set greater than the predetermined level Fth1 1 used as the criterion of decision 

55 in the EV drive control routine of the fifth embodiment. In the case where the remaining quantity FCL of the FC fuel is 
not less than the predetermined level Fth14 at step S1440, it is determined that the fuel cell 60 is available for the work- 
ing electric power supply. The CPU accordingly drives the motor 20 with the fuel cell 60 as the working electric power 
supply at steps S1460 and SI 470. The engine 1 0 continues the current driving state. 
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[0480] The power assist control process of the first modification uses the fuel cell 60 directly as the working electric 
power supply. As described previously In the power assist control routine of the fifth embodiment shown In Fig. 42, how- 
ever, the fuel cell 60 may be used to charge the battery 50. The control process of the first modification uses the fuel 
. cell 60 directly as the working electric power supply since the power of the motor 20 has a relatively gentle variation. 

5 The power assist control of the first modification is executed in the case where the accelerator pedal is stepped on to 
or above the predetermined accelerator travel. This corresponds to the case of stationary requirement of high torque. 
In such cases, the motor 20 outputs a stationary torque to assist the power of the engine 1 0. The response delay of the 
fuel cell 60 accordingly has relatively little effects on the response of the vehicle. The arrangement of using the electric 
power of the fuel cell 60 directly to drive the motor 20 has a higher working efficiency than the arrangement of causing 

10 the electric power of the fuel cell 60 to be once accumulated in the battery 50 and subsequently output to drive the 
motor 20. The control process of the first modification uses the electric power of the fuel cell 60 directly to drive the 
motor 20 by taking into account both the response of the vehicle and the working efficiency. 

[0481] In the case where the remaining quantity FCL of the FC fuel for the fuel cell 60 is less than the predeter- 
mined level Fth14 at step S1440, on the other hand, the use of the fuel cell 60 as the working electric power supply is 

15 not allowed. In this case, there is no available electric power supply. The CPU accordingly carries out the processing to 
enhance the torque output from the engine 10. In the control process of the first modification, the CPU shifts the 
change-speed gear to the lower speed at step S1480. The CPU may directly enhance the output of the engine 10, if 
there is some margin of the engine output The power assist control of the first modification is, however, carried out 
while the engine 10 has already been outputting a high power. In most cases, the engine 10 accordingly does not have 

so any margin for the enhanced output. From this point of view, the control process of the first modification shifts the 
change-speed gear to the lower speed, in order to cause the engine 10 to output a higher torque. This arrangement 
ensures a substantially fixed response, irrespective of the availability of the working electric power supply. The CPU 
repeatedly executes the series of the processing, so as to attain the power assist control. 

[0482] Fig. 51 shows the process of changing over the working electric power supply in the power assist control 
25 process. The graphs of Fig. 51 show variations in output of the motor 20, output of the battery 50, and output of the fuel 
cell 60 with the elapse of time in the case where the accelerator pedal is stepped on to or above a predetermined accel- 
erator travel during the engine drive. At a time point eO, the requirement of the power assist control is issued. This cor- 
responds to the decision at step S1420 that the observed accelerator travel 6 is not less than the predetermined 
reference value GL 

30 [0483] In response to the requirement of the power assist control, the output of the motor 20 is enhanced after the 
time point eO as shown by the graph of Rg. 51 . The output of the motor 20 actually varies according to the step-on con- 
ditions of the accelerator pedal, although the output of the motor 20 linearly increases to a fixed value in the graph of 
Fig. 51 . It Is here assumed that the battery 50 has a sufficient level of remaining charge SOC at the time point eO. At 
this moment, the output of the fuel cell 60 is kept zero. 

35 [0484] At a time point e2, the remaining charge SOC of the battery 50 becomes less than the predetermined refer- 
ence value L01 4. The fuel cell 60 accordingly starts driving at the time point e2 to output electric power as shown by 
the graph of the one-dot chain line. The output of the battery 50 decreases with an increase in output of the fuel cell 60. 
At a time point e3, the working electric power supply is completely changed over to the fuel cell 60. The graphs of the 
solid line show the variations when the battery 50 has a high charge level. In this case, the output of the battery 50 is 

40 kept at a fixed value corresponding to the required power of the motor 20, whereas the output of the fuel cell 60 is kept 
zero. 

[0485] The power assist control process discussed above selectively uses the battery 50 and the fuel ceil 60 to 
drive the motor 20 in the engine drive area, so as to assist the power of the engine 1 0. The control process of the first 
modification uses the battery 50 preferentially over the fuel cell 60 as the working electric power supply, thereby restrict- 
45 ing the use of the irreversible electric power supply, that is, the fuel cell 60. The control procedure of the first modification 
ensures the appropriate use of the electric power supplies in a wide drive range. The preferential use of the electric 
power of the battery 50 ensures the margin for charging the battery 50 in the course of regenerative braking, thereby 
improving the energy efficiency of the vehicle. 

[0486] The power assist control process enhances the output of the engine 10 in the case where the remaining 
so quantity FCL of the FC fuel for the fuel cell 60 becomes less than the predetermined level Fth1 4. The enhanced output 
desirably prevents the driver from feeling significantly uneasy due to the difference in response between in the presence 
of and in the absence of the available electric power supply. In the case of no available electric power supply, the control 
process of the first modification does not cause the auxiliary machinery driving motor 80 to generate electric power and 
charge the battery 50. This ensures the output of the sufficient torque from the engine 10 in the absence of available 
55 electric power supply. The direct output of the power from the engine 1 0 to the axle 1 7 attains a drive with a higher effi- 
ciency, compared with the structure in which the power output from the engine 10 is once converted to electric power 
and then reconverted to power by the motor 20. 
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17. Second Modification 

[0487] The fifth embodiment and its first modification execute the power assist control in response to a step-on 
action of the accelerator pedal. One modified arrangement enables the driver to arbitrarily select the execution or non- 
s execution of the power assist control through an operation of a specific switch. This control procedure is discussed 
below. as a second modification of the fifth embodiment 

[0488] The control procedure of the second modification provides two different sets of maps to represent the rela- 
tionship between the working power source and the available speeds. One set consists of the standard maps shown in 
Figs. 8 through 11 of the first embodiment. The other set of maps corresponds to a power mode. The power mode is a 
w specific drive mode, in which a higher torque is output at each combination of vehicle speed and accelerator travel. The 
maps in the power mode are obtained by extending the range using the lower speed as the speed-change gear in the 
respective maps of Figs. 8 through 1 1 . The drive in the power mode Is implemented when the driver turns on the sports 
mode switch 163 placed near the gearshift lever 162 (see Fig. 5 of the first embodiment). The control process of the 
second modification drives the motor 20 to assist the power of the engine 10 when the power mode is set on. The fai- 
rs lowing describes the proper use of the electric power supplies and the power sources in the power mode. In the second 
modification, the power mode control process is executed in the case where the change-speed gear in the transmission 
1 00 is varied in response to the on operation of the sports mode switch 1 63. The power mode control process may alter- 
natively be carried out when a specific drive mode is selected to allow the driver to manually vary the change-speed 
gear of the transmission 100. 

zo [0489] Fig. 52 is a flowchart showing a power mode control routine executed in the second modification of the fifth 
embodiment. The power mode control routine controls the use of the electric power supplies and the power sources in 
response to an on operation of the sports mode switch 1 63. In the same manner as the power assist control routine of 
the fifth embodiment, the CPU in the control unit 70 periodically executes this power mode control routine of Fig. 52 at 
preset time intervals. When the program enters the power mode control routine, the CPU first receives the inputs 

25 regarding the driving conditions of the vehicle at step S1510. 

[0490] The CPU then determines whether or not the power mode has been selected at step S1520. The decision 
of step S1 520 is based on the on -off state of the sports mode switch 1 63. In the case of no selection of the power mode, 
activation of the motor 20 for the power assist control is not required. The CPU accordingly exits from the power mode 
control routine of Fig. 52 without any further processing. 

30 [0491] When it is determined at step S1520 that the power mode has been selected, on the other hand, the CPU 
carries out the power assist control and drives the motor 20 by selectively using the battery 50 and the fuel cell 60 as 
the working electric power supply. For the purpose of the appropriate selection of the working electric power supply, the 
CPU compares the remaining charge SOC of the battery 50 with a predetermined reference value L015 at step S1530. 
Any value of greater than zero may be set arbitrarily to the reference value L015. 

35 [0492] In the case where the remaining charge SOC of the battery 50 is not less than the predetermined reference 
value L015 at step S1 530, it is determined that the battery 50 has a high charge level. The CPU accordingly carries out 
the processing to drive the motor 20 with the battery 50 as the working electric power supply at steps S1550 and S1 570. 
The concrete procedure steps S1 550 and S1 570 first regulates the changeover switch 84 of the electric power supply, 
so as to connect the battery 50 with the motor 20. The procedure then sets on a flag, which represents allowance or 

40 prohibition of a drive of the motor 20, and specifies the target driving conditions of the motor 20, that is, the target revolv- 
ing speed and the target torque of the motor 20. The target revolving speed is specified by multiplying the vehicle speed 
input at step S1510 by the gear ratio of the transmission 100 and the gear ratio of the differential gear 16. The target 
torque is specified in a map, which has been set in advance according to the vehicle speed and the rate of change in 
accelerator travel. The target driving conditions specified in this manner are transferred to a separate control routine, so 

45 that the motor 20 is driven under the target driving conditions. Here the engine 1 0 continues the current driving state. 
[0493] In the case where the remaining charge SOC of the battery 50 is less than the predetermined reference 
value L015 at step S1530, on the other hand, it is determined that the battery 50 has a low charge level and that the 
use of the electric power accumulated in the battery 50 is not allowed. The CPU then determines whether or not the 
fuel cell 60 is available for the working electric power supply. For the purpose of such decision, the CPU compares the 

so remaining quantity FCL of the FC fuel for the fuel cell 60 with a predetermined level Fth15 at step S1540. The prede- 
termined level Fth15 is used as the criterion of the determination of whether or not the fuel cell is available for the work- 
ing electric power supply. Any value of greater than zero may be set arbitrarily to the predetermined level Fth15. In the 
power mode control process of the second modification, there is little requirement of using the fuel ceil 60. The prede- 
termined level Fth15 used as the criterion of decision in the power mode control routine of the second modification is 

55 thus set greater than the predetermined level Fth1 1 used as the criterion of decision in the EV drive control routine of 
the fifth embodiment. In the case where the remaining quantity FCL of the FC fuel is not less than the predetermined 
level Fth15 at step S1540, it is determined that the fuel cell 60 is available for the working electric power supply. The 
CPU accordingly carries out the processing to drive the motor 20 with the fuel cell 60 as the working electric power sup- 
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ply at steps S1560 and S1570. The concrete procedure of steps S1560 and S1570 first regulates the change-over 
switch 84 of the electric power supply, so as to connect the fuel cell 60 with the motor 20. The procedure then sets on 
the flag, which represents allowance or prohibition of the drive of the motor 20, and specifies the target driving condi- 
tions of the motor 20, that is, the target revolving speed and the target torque of the motor 20. The settings of the target 
5 driving conditions are discussed above In the processing of steps S1 550 and S1 570. Here the engine 1 0 also continues 
the current driving state. 

[0494] In the case where the remaining quantity FCL of the FC fuel for the fuel cell 60 is less than the predeter- 
mined level Fth15 at step S1 540, on the other hand, the use of the fuel cell 60 as the working electric power supply is 
not allowed. In this case, there is no available electric power supply. The CPU accordingly cancels the power mode at 

io step S1580. Unlike the power assist control processes of the fifth embodiment and its first modification, this procedure 
does not enhance the output of the engine 10. This is because the power mode is selected intentionally by the driver. 
The power assist mode discussed in the fifth embodiment and its first modification is set according to the step-on con- 
ditions of the accelerator pedal, regardless of the intention of the driver. A substantially fixed response is thus expected, 
irrespective of the availability of the working electric power supply. The power mode is, however, set arbitrarily by the 

15 positive action of the driver. In the case of no available electric power supply, the display is made to inform the driver of 
prohibition of the selection of the power mode. This effectively prevents the driver from feeling uneasy. The control proc- 
ess of the second modification cancels the power mode at step S1 580 and simultaneously flashes the sports mode indi- 
cator 223 (see Fig. 37) on the instrument panel in front of the driver, so as to inform the driver of cancellation of the 
power mode. Alternatively the control process may enhance the torque output from the engine 10 at step S1580. 

20 [0495] Fig. 53 shows the process of changing over the working electric power supply in the power mode control 
process. The graphs of Fig. 53 show variations in output of the fuel cell 60, output of the battery 50, and accelerator 
travel with the elapse of time when the sports mode switch 163 is pressed on during the engine drive. At a time point 
fO, the sports mode switch 163 is turned on to set the power mode. In the power mode, there is a possibility that the 
output of electric power from the fuel cell 60 is required. The fuel cell 60 is accordingly driven in the stand-by mode to 

25 output a low level of electric power after the time point fO as shown by the graph of Fig. 53. 

[0496] When the driver steps on the accelerator pedal at a time point f1, the required output of the motor 20 
increases. In the case where the battery 50 has a high charge level at this moment, the output of the battery 50 
increases to supply electric power to the motor 20. Since the battery 50 is used as the working electric power supply, 
the fuel cell 60 is kept in the stand-by mode. 

30 [0497] In the case where the battery 50 still has the high charge level after a time point f4, the output of the battery 
50 is kept at a fixed value corresponding to the accelerator travel as shown by the graph of the solid line. Here the fuel 
cell 60 continues the drive in the stand-by mode. The graphs of the one- dot chain line show variations in the case where 
the remaining charge SOC of the battery 50 becomes less than the predetermined reference value L015 at the time 
point f4. With a decrease in remaining charge SOC of the battery 50, the working electric power supply is changed over 

35 to the fuel cell 60. In this case, the output of the fuel cell 60 increases after the time point f4 as shown by the graph of 
the one-dot chain line. The output of the battery 50 decreases to zero with the enhancement of the output of the fuel 
cell 60. 

[0498] The power mode control process discussed above selectively uses the battery 50 and the fuel cell 60 to 
drive the motor 20 and attain the power assist control in the engine drive area, based on the intention of the driver. Fig. 

40 54 shows a variation in power output in the power mode. The torque of the motor 20 output in addition to the torque of 
the engine 1 0 varies with a variation in accelerator travel. The total torque shown by the curve of the solid line is accord- 
ingly output to the drive shaft 15. The difference from the power assist control discussed in the fifth embodiment and its 
first modification is that the torque of the motor 20 is additionally output in any value of the accelerator travel. The addi- 
tion of the torque of the motor 20 enhances the acceleration- in response to the intention of the driver and thereby 

45 improves the controllability of the hybrid vehicle. 

J. Sixth Embodiment 

[0499] The following describes another hybrid vehicle in a sixth embodiment according to the present invention. 
so The fifth embodiment and its modifications regard the hybrid vehicle that is driven with the power output to only one 
axle. The technique of the fifth embodiment is, however, not restricted to this structure, but is applicable to a hybrid vehi- 
cle that is driven with the power output to two axles, that is, a four wheel- drive hybrid vehicle. The application to the four 
wheel-drive hybrid vehicle is described below as the sixth embodiment. 

[0500] Fig. 55 schematically illustrates the structure of the hybrid vehicle in the sixth embodiment. The difference 
55 from the fifth embodiment is that power may be output to two axles 17 and 1 7A in the hybrid vehicle of the sixth embod- 
iment. The structure of the sixth embodiment enables the driver to arbitrarily set the output of power to the axle 17A. A 
4WD mode switch for specifying the four-wheel drive is disposed near the gearshift lever 1 62, in place of the sports 
mode switch 1 63 of the first embodiment shown in Fig. 5. Only when the 4WD mode switch is set in ON position, the 
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power is output to both the axles 1 7 and 17A. When the 4WD mode switch is in OFF position, the power is output only 
to the axle 1 7 as in the case of the hybrid vehicle of the fifth embodiment This structure is not essential, and one pos- 
sible modification causes the power to be always output to both the axles 1 7 and 17A. 

[0501] The mechanism of outputting power to the axle 1 7 is identical with that discussed in the first embodiment. 
5 This power output mechanism includes the engine 1 0, the motor 20, the torque converter 30, and the transmission 1 00 
that are connected in series. Like the structure of the first embodiment, the electric power may be supplied from both 
the battery 50 and the fuel ceil 60 to the motor 20. 

[0502] Power is output to the axle 1 7A, on the other hand, through the following power output mechanism. A motor 
20A is coupled with the axle 1 7A via a differential gear 1 6A. Like the motor 20, the motor 20A is a three-phase synchro- 

10 nous motor. The motor 20A may receive a supply of electric power from any of the battery 50, the fuel cell 60, and the 
auxiliary machinery driving motor 80. The supplies of electric power output from the battery 50 and the fuel cell 60 are 
fed to the motor 20A via driving circuits 51 A and 52A, respectively. Like the driving circuits 51 and 52, the driving circuits 
51 A and 52A are constructed as transistor inverters. The auxiliary machinery driving motor 80 generates electric power 
with the power of the engine 10. Electric power generated by the auxiliary machinery driving motor 80 may be supplied 

15 directly to the motor 20A. 

[0503] The working electric power supply used to supply electric power to the motor 20A is specified by changing 
the state of connection of changeover switches 85 and 86. As shown in Fig. 55, the changeover switch 86 changes the 
state of connection to select the working electric power supply between either one of the battery 50 and the fuel cell 60 
and the auxiliary machinery driving motor 80. The changeover switch 85 changes the state of connection to select the 

20 working electric power supply between the battery 50 and the fuel cell 60. 

[0504] The axles 17 and 1 7A may be used as the front axle and the rear axle or vice versa. In the structure where 
the engine 10 is mounted on the front part of the vehicle, if the axle 17 is set as the rear axle, a propeller shaft is required 
to transmit the mechanical power output from the engine 10 through the vertical axis of the vehicle to the rear axle. If 
the axle 17A is set as the rear axle, on the other hand, the propeller shaft is not required. Disposing the axle 17 dose 

25 to the engine 10 advantageously simplifies the structure of the power system. 

[0505] The variety of control processes discussed in the fifth embodiment are also applied for the selective use of 
the power sources and the electric power supplies to output power to the axle 17 in the structure of the sixth embodi- 
ment. The following describes the selective use of the electric power supplies used to drive the motor 20A, which out- 
puts power to the axle 1 7 A. 

30 [0506] Fig. 56 is a flowchart showing a 4WD control routine executed in the sixth embodiment. This routine is car- 
ried out periodically by the CPU in the control unit 70 at preset time intervals. When the program enters the 4WD control 
routine, the CPU first receives the inputs regarding the driving conditions of the vehicle at step S1 610. Among the diver- 
sity of inputs, the pieces of information on the on-off state of the 4WD mode switch, the gearshift position, the vehicle 
speed, the accelerator travel, the remaining charge SOC of the battery 50. and the remaining quantity FCL of the FC 

35 fuel for the fuel cell 60 are especially involved in the subsequent processing. 

[0507] The CPU then determines whether or not the 4WD mode has been selected at step S1620. The decision of 
step S1 620 is based on the on'off state of the 4WD mode switch. In the case of no selection of the 4 WD mode, activa- 
tion of the motor 20A is not required. The CPU accordingly exits from the 4WD control routine of Fig. 56 without any 
further processing. 

40 [0508] When it is determined at step SI 620 that the 4WD mode has been selected, the CPU carries out the 
processing to select the working electric power supply of the motor 20A. As mentioned above, there are three electric 
power supplies available to drive the motor 20A. For the purpose of the appropriate selection of the working electric 
power supply, the CPU compares the remaining charge SOC of the battery 50 with a predetermined reference value 
L016 at step S1630. Any value of greater than zero may be set arbitrarily to the reference value L016. In the control 

45 process of the sixth embodiment, the reference value L016 is determined to ensure the output of sufficient electric 
power from the battery 50 to supplement the insufficiency of electric power output from the fuel cell 60 in the transient 
period before the fuel cell 60 ensures output of a sufficient level of electric power. 

[0509] In the case where the remaining charge SOC of the battery 50 is not less than the predetermined reference 
value L016 at step S1630, the CPU determines that the battery 50 has a high charge level and thereby drives the motor 

so 20A with the battery 50 as the working electric power supply at step S1650. In the case where the remaining charge 
SOC of the battery 50 is less than the predetermined reference value L016 at step S1630, on the other hand, the CPU 
determines that the battery 50 has a low charge level and that the use of the electric power accumulated in the battery 
50 is not allowed. The CPU then determines whether or not the fuel cell 60 is available for the working electric power 
supply. For the purpose of such decision, the CPU compares the remaining quantity FCL of the FC fuel for the fuel cell 

55 60 with a predetermined level Fth1 6 at step S1 640. Any value of greater than zero may be set arbitrarily to the prede- 
termined level Fth1 6. Since the driver intentionally selects the 4WD mode through the positive operation, there is little 
requirement of driving the motor 20A with the electric power of the fuel cell 60 in the 4WD mode. The predetermined 
level Fth1 6 is accordingly set greater than, for example, the predetermined level Fth1 1 in the EV drive control routine of 
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the fifth embodiment. In the case where the remaining quantity FCL of the FC fuel for the fuel cell 60 is not less than 
the predetermined level Fthl6 at step S1640, the CPU determines that the fuel cell 60 Is available for the working elec- 
tric power supply and drives the motor 20A with the fuel ceil 60 as the working electric power supply at steps S1 660 
through S1 680. 

5 [051 0] In the case where the motor 20A is driven with the fuel cell 60 as the working electric power supply, the con- 
trol process gradually changes over the working electric power supply from the battery 50 to the fuel cell 60 by taking 
into account the response delay of the fuel ceil 60. The concrete procedure to change the working electric power supply 
is similar to the processing of the fifth embodiment. In response to the selection of the fuel cell 60 as the working electric 
power supply, the CPU determines at step S1660 whether or not the current state corresponds to the transient period 

10 before the fuel cell 60 ensures output of a sufficient level of electric power. The decision is based on the difference 
between the required electric power to be output from the fuel cell 60 and the electric power actually output from the 
fuel cell 60. When the difference exceeds a preset range, it is determined that the current state corresponds to the tran- 
sient period. When the difference does not exceed the preset range, on the other hand, it is determined that the current 
state does not correspond to the transient period. 

15 [0511] When it is determined at step S1660 that the current state corresponds to the transient period, the CPU 
drives the motor 20A with both the fuel cell 60 and the battery 50 as the working electric power supplies at step S1 670. 
As discussed in the fifth embodiment, the difference between the required electric power and the electric power actually 
output from the fuel cell 60 is compensated with the electric power of the battery 50. When it is determined at step 
S1 660 that the current state does not correspond to the transient period, on the contrary, the fuel cell 60 ensures output 

20 of a sufficient level of electric power The CPU accordingly drives the motor 20A with only the fuel cell 60 as the working 
electric power supply at step S16B0. 

[0512] In the case where the remaining quantity FCL of the FC fuel for the fuel cell 60 is less than the predeter- 
mined level Fth1 6 at step S1 640, on the other hand, the use of the fuel cell 60 as the working electric power supply is 
not allowed. In this case, the CPU drives the motor 20A with the generator, that is, the auxiliary machinery driving motor 

25 80, as the working electric power supply at step S1 690. The auxiliary machinery driving motor 80 is thus driven in spe- 
cific driving conditions corresponding to the quantity of electric power to be regenerated. Namely the auxiliary machin- 
ery driving motor 80 is driven with a negative torque. The auxiliary machinery driving motor 80 is driven with the power 
of the engine 10, so that the required power of the engine 10 is enhanced simultaneously. The CPU repeatedly exe- 
cutes the series of the processing, so as to control the drive in the 4 WD mode. 

30 [0513] Fig. 57 shows variations in outputs of the respective power sources and electric power supplies in the 4 WD 
control process. The graphs of Fig. 57 show variations in output of the motor 20A, output of the battery 50, output of the 
fuel cell 60, and output of the generator 80 with the elapse of time when the 4WD mode is set on during the drive. At a 
time point gO, the 4WD mode is selected. Here it is assumed that the remaining charge SOC of the battery 50 is not 
less than the predetermined reference value L01 6. Under such conditions, the motor 20A is driven with the battery 50 

35 as the working electric power supply. The output of the motor 20A and the output of the battery 50 thus respectively rise 
to predetermined levels after the time point gO. Neither the fuel cell 60 nor the generator 80 is used in this state, and 
their outputs are kept zero. 

[0514] At a time point g1 , the remaining charge SOC of the battery 50 becomes less than the predetermined refer- 
ence value L016. Under such conditions, the working electric power supply to drive the motor 20A is changed from the 

40 battery 50 to the fuel cell 60. The fuel cell 60 starts driving at the time point g1 , but there is a certain response delay of 
the output of electric power from the fuel cell 60. At a time point g2, the output of the fuel cell 60 reaches a sufficient 
level. The period between the time points g1 and g2 accordingly corresponds to the transient period. In the transient 
period, the electric power of the battery 50 is used to supplement the insufficiency of electric power output from the fuel 
cell 60. As shown by the graphs of Fig. 57, the output of the fuel cell 60 gradually increases while the output of the bat- 

45 tery 50 gradually decreases in the transient period between the time points g1 and g2. After the time point g2, the motor 
20 A is driven with only the fuel cell 60 as the working electric power supply. 

[0515] At a time point g4, the remaining quantity FCL of the FC fuel for the fuel cell 60 becomes less than the pre- 
determined level Fth16. Under such conditions, the working electric power supply to drive the motor 20A is changed 
from the fuel cell 60 to the generator 80. As shown by the graphs of Fig. 57, the output of the fuel cell 60 gradually 
so decreases while the output of the generator 80 gradually increases in the period between the time points g4 and g5. 
After the time point g5, the motor 20 A is driven with only the generator 80 as the working electric power supply. The 
graphs of Fig. 57 are only illustrative. The variations in respective outputs may follow other variation patterns; for exam- 
ple, the output of the motor 20 A may be varied in the course of the four-wheel drive using the motor 20A as the power 
source. 

55 [0516] The 4WD control process of the sixth embodiment discussed above causes the hybrid vehicle to attain the 
four-wheel drive by selectively using the battery 50, the fuel cell 60, and the generator 80 for the working electric power 
supply in response to the selection of the 4WD mode. The battery 50, the fuel cell 60, and the generator 80 are prefer- 
entially used as the electric power supply in this sequence. 
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[0517] The battery 50 may be charged during the drive of the hybrid vehicle and recovered to the original charge 
level before the consumption. The 4WD control process of the sixth embodiment preferentially uses the reversible elec- 
tric power supply, that is, the battery 50, and thereby restricts the use of the Irreversible electric power supply, that Is, 
the fuel cell 60. Namely this arrangement saves the FC fuel for the desired driving state of the fuel cell 60. The control 
5 procedure of the sixth embodiment ensures the appropriate use of the electric power supplies in a wide drive range, 
thereby enabling the power source of high driving efficiency and excellent environmental properties to be sufficiently 
used. The preferential use of the electric power of the battery 50 ensures the margin for charging the battery 50 in the 
course of regenerative braking, thereby improving the driving efficiency of the hybrid vehicle. 

[0518] In the 4WD control process of the sixth embodiment, the fuel cell 60 is used preferentially over the generator 
10 80. The enhanced output of the engine 10 is required in the case of using the electric power of the generator 80. This 
is disadvantageous from the viewpoints of the fuel consumption and the environmental properties. The preferential use 
of the fuel cell 60 reduces the possibility of such disadvantages. 

K. Seventh Embodiment 

15 

K1 . Structure of System 

[051 9] The fifth embodiment and the sixth embodiment regard the hybrid vehicles where the power of the engine is 
directly transmittable to the drive shaft. The technique of the fifth embodiment is, however, also applicable to the struc- 
20 ture in which the power of the engine is used only for power generation. The hybrid vehicle of this structure is described 
below as a seventh embodiment according to the present invention. 

[0520] Fig. 58 schematically illustrates the structure of the hybrid vehicle of the seventh embodiment. The hybrid 
vehicle includes an engine 228 and a motor 226 as power sources to output mechanical power. A fuel cells system 260 
(hereinafter referred to as the fuel cell 260) and a battery 250 are provided as electric power supplies of the motor 226. 
25 The fuel cell 260 and the battery 250 are connected to the motor 226 respectively via driving circuits 252 and 251. 
These constituents are identical with the engine 10, the motor 20, the fuel cell 60, the battery 50, and the driving circuits 
52 and 51 incorporated in the hybrid vehicle of the first embodiment In the hybrid vehicle of the seventh embodiment, 
however, the engine 228 is used only as an auxiliary power source and has a relatively small displacement of about 50 
cc. 

30 [0521] An output shaft of the engine 228 is linked with a generator 280, so that the power of the engine 228 is not 
directly transmittable to an axle 217. The power output from the engine 228 is converted to electric power by the gen- 
erator 280 and used to charge the battery 250 and drive the motor 226. In this sense, the motor 226 is provided with 
the combination of the engine 228 and the generator 280 as the third electric power supply, in addition to the fuel cell 
260 and the battery 250. The selection of the working electric power supply is controlled through the operations of a 

35 changeover switch 284 and the driving circuits 252 and 251 . 

[0522] The motor 226 is linked with the axle 217 via a transmission mechanism, which includes a planetary gear 
unit 230, a continuously variable transmission (hereinafter referred to as the CVT) 380, and a differential gear 216. The 
connection of the motor 226 with the planetary gear unit 230 is discussed in detail. A rotor of the motor 226 is linked 
with a sun gear 231 of the planetary gear unit 230 and also with a planetary carrier 232 via a clutch 240. The planetary 

40 carrier 232 is coupled with a pair of input pulleys 381a and 3B1b of the CVT 3B0 and functions as the output shaft of 
the planetary gear unit 230. A ring gear 233 included in the planetary gear unit 230 has a brake 241 that controls rota- 
tion of the ring gear 233. When the clutch 240 is coupled and the brake 241 is released, the rotor of the motor 226 is in 
direct connection with the CVT 380. When the clutch 240 is released and the brake 241 is coupled, on the other hand, 
the power of the motor 226 is converted to have the reduced revolving speed according to the gear ratio of the planetary 

45 gear unit 230 and transmitted to the CVT 380. This is based on the function of the planetary gear unit discussed in the 
first embodiment. 

[0523] The CVT 380 has a belt 383 spanned between the pair of input pulleys 381 a and 381 b and a pair of output 
pulleys 382a and 382b. The interval between the paired input pulleys 381 a and 381 b or the paired output pulleys 382a 
and 382b is varied by means of the hydraulic pressure, so that the effective diameter of the contact of the paired pulleys 

so with the belt 383 is varied. The CVT 380 of this configuration enables the conversion of power in a continuously variable 
manner and the transmission of the converted power. The hybrid vehicle of the seventh embodiment controls the oper- 
ations of the clutch 240, the brake 241, and the CVT 3B0, thereby enabling the output torque of the motor 226 to be 
converted in a wide range and output to the axle 21 7. The control processes of the seventh embodiment are executed 
according to a variety of maps by the control unit 270, like the control processes of the fifth embodiment executed by 

55 the control unit 70. 
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K2. EV Drive Control Routine 

[0524] The hybrid vehicle of the seventh embodiment has the battery 250, the fuel cell 260, and the generator 280 
as the electric power supplies of the motor 226. The selection of the working electric power supply is controlled by an 

5 EV drive control process discussed below. Fig. 59 is a flowchart showing an EV drive control routine executed in the 
seventh embodiment. The EV drive control process preferentially uses the battery 250, the fuel cell 260, and the gen- 
erator 280 as the working electric power supply in this sequence. In the case of the insufficient remaining charge SOC 
of the battery 250, the fuel cell 260 is driven to carry out power generation. In the case of the incapability of the fuel cell 
260, for example, due to the insufficient remaining quantity FCL of the FCfuei forthe fuel cell 260. the generator 280 is 

10 used for power generation. In this sense, the combination of the engine 228 with the generator 280 is regarded as the 
auxiliary electric power supply. 

[0525] When the program enters the EV drive control routine of Fig. 59, the CPU first receives the inputs regarding 
the driving conditions of the vehicle at step S1 700. The CPU then compares the remaining charge SOC of the battery 
250 with a predetermined reference value L021 at step S1 702. In the case where the remaining charge SOC is not less 

15 than the predetermined reference value L021 at step S1 702, the motor 226 is driven with the battery 250 as the work- 
ing electric power supply at step S1706. In the case where the remaining charge SOC is less than the predetermined 
reference value L021 at step S1702, on the other hand, the CPU compares the remaining quantity FCL of the FC fuel 
forthe fuel cell 260 with a predetermined level Fth21 at step S1704. In the case where the remaining quantity FCL of 
the FC fuel is not less than the predetermined Level Fth21 at step S1704, the motor 226 is driven with the fuel cell 260 

20 as the working electric power supply at step S1 71 0. In the case where the remaining quantity FCL of the FC fuel is less 
than the predetermined level Fth21 at step S1704, on the other hand, the CPU determines that the fuel cell 260 is not 
available for the working electric power supply. The CPU accordingly drives the engine 228 and causes the generator 
280 to carry out power generation and function as the working electric power supply to drive the motor 226 at step 
S1708. The reference value L021 and the predetermined level Fth21 are set according to the variety of factors dis- 

25 cussed in the first embodiment. 

K3. Fuel Cell Activation Control Process 

[0526] Even when the fuel cell 260 is selected as the working electric power supply in the EV drive control routine 
30 of Fig. 59, if the fuel cell 260 does not enable the output of a sufficient level of electric power, for example, due to the 
lack of the warm-up, the hybrid vehicle of the seventh embodiment executes a fuel cell activation control process, so as 
to compensate the insufficiency of electric power with the electric power of the battery 250 and the generator 280. 
[0527] Rg. 60 is a flowchart showing a fuel cell activation control routine executed in the seventh embodiment. This 
routine is carried out when the power generation of the fuel cell 260 is required at step S1710 in the EV drive control 
35 routine of Fig. 59. The fuel cell activation control routine may be executed whenever the power generation of the fuel 
cell 260 is required at step S1710 or alternatively only when the fuel cell 260 has not yet been warmed up and is cold. 
[0528] When the program enters the fuel cell activation control routine of Fig. 60, the CPU first determines whether 
or not the fuel cell 260 is stand-by at step S1712. The decision of step S1712 is based on the determination of whether 
or not the temperature of the fuel cell 260 is sufficiently high to allow immediate power generation. When the fuel cell 
40 260 is stand-by, the fuel cell 260 is capable of immediate power generation. The output of electric power from the fuel 
cell 260 is thus initiated immediately without any further processing at step SI 750. 

[0529] When the fuel cell 260 is not stand-by, on the other hand, the CPU carries out the processing to compensate 
the insufficient electric power with the electric power of the battery 250 and the generator 280 until the fuel cell 260 is 
warmed up to the temperature that allows power generation. The CPU first estimates consuming electric power Est, 
45 which is required before the fuel cell 260 starts power generation, at step S1714. The estimated consuming electric 
power Est includes electric power required to drive the motor 226 for a run of the hybrid vehicle, as well as electric 
power consumed by air'conditioning equipment and lighting equipment When the fuel cell 260 is warmed up with elec- 
tricity supplied to a heater, the estimated consuming electric power Est further includes the electric power required for 
the warm-up. 

50 [0530] The technique of the seventh embodiment specifies the consuming electric power Est according to maps 
based on the temperature of the fuel cell 260. Fig. 61 is maps used for specifying the consuming electric power Est. 
The upper drawing is a map showing a variation in required time before the start of power generation from the fuel ceil 
260 plotted against the temperature of the fuel cell 260. As shown by the broken line, the required time read from the 
map is tst when the temperature of the fuel cell 260 is equal to Tfc. The higher temperature of the fuel cell 260 naturally 

55 shortens the required time. The map illustrated here has the linear variation in temperature of the fuel cell 260 against 
the required time. The map may, however, be set based on experiments or analyses according to the structure of the 
fuel cell 260 and may have a non-linear variation. 

[0531] The lower drawing is maps showing variations in consuming electric power plotted against the required time. 
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In the control process of this embodiment, three different maps are provided according to the on-off states of the air- 
conditioning equipment (A/C) and the lighting equipment (H/L). In CASE A, both the air-con ditionlng equipment and the 
lighting equipment are ON. In CASE B, only the lighting equipment Is ON. In CASE C, only the alr-condltloning equip- 
ment is ON. As shown by the broken lines, the consuming electric power read from the maps is Ea, Eb, and Ec in the 

5 respective three cases when the required time is equal to tst. Although the three maps are provided for the above three 
cases in this embodiment, a larger number of maps may further be provided according to the on-off state of power 
driven equipment other than the air-conditioning equipment and the lighting equipment Maps may have non-linear var- 
iations. The consuming electric power is generally proportional to the required time. The consuming electric power may 
thus be obtained by arithmetic operations, Instead of using the maps. The consuming electric power Is actually varied 

10 according to the driving conditions of the vehicle, for example, the torque to be output from the motor 226. The maps of 
this embodiment set the largest possible values estimated in the respective cases. 

[0532] Referring back to the flowchart of Fig. 60, after estimating the consuming electric power Est, the CPU cal- 
culates maximum electric power Ebt that can be output from the battery 250 at step S1716. The maximum electric 
power Ebt is obtained from the remaining charge SOC of the battery 250. 

is [0533] The CPU then compares the estimated consuming electric power Est with the maximum electric power Ebt 
that can be output from the battery 250 at step S1718. In the case where the consuming electric power Est is greater 
than the maximum electric power Ebt, the CPU determines that the compensation of electric power can not be attained 
only by the battery 250. The CPU accordingly starts driving the engine 228 and the generator 260 for power generation 
at step S1722. The required electric power is then output from both the battery 250 and the generator 280 at step 

20 SI 750. In the case where the consuming electric power Est is not greater than the maximum electric power Ebt, on the 
other hand, the CPU determines that the compensation of electric power can be attained only by the battery 250. The 
CPU accordingly stops the operation of the engine 228 and the generator 280 for power generation at step S1 720. The 
required electric power is then output from the battery 250 at step S1 750. 

[0534] The advantages of the fuel cell activation control process executed in the seventh embodiment are dis- 
25 cussed in a concrete example. Fig. 62 is a graph showing a variation in remaining charge SOC of the battery 250 in the 
case of activation of the fuel cell 260. A response delay of the fuel cell 260 between the issuance of the requirement of 
power generation from the fuel cell 260 and the actual supply of sufficient electric power from the fuel cell 260 is 
expressed as tst The battery 250 has a remaining charge Sod at a time point when the requirement of power gener- 
ation is issued. 

30 [0535] The graph of the solid line in Fig. 62 represents a variation in remaining charge SOC of the battery 250 in 
the case where the response delay of the fuel cell 260 is compensated only with the electric power of the battery 250. 
If only the battery 250 is used for the compensation, there is a fair possibility that the electric power of the battery 250 
is completely exhausted before the fuel cell 260 starts power generation as shown by the graph of the solid line. This, 
of course, depends upon the driving conditions of the hybrid vehicle and the remaining charge SOC of the battery 250, 

35 though. In order to reduce such possibility, the initial remaining charge SOC of the battery 250 should be an extremely 
large value. This causes a large value to be set to the predetermined reference value L021 used as the criterion at step 
SI 702 in the EV drive control routine of Fig. 59. Even a little consumption of electric power from the battery 250 causes 
the working electric power supply to be changed to the fuel cell 260. This undesirably leads to the excessive use of the 
fuel cell 260. 

40 [0536] The graph of the broken line in Fig. 62 represents a variation in remaining charge SOC of the battery 250 in 
the case where the fuel cell activation control routine of this embodiment shown in Fig. 60 is executed. When it is deter- 
mined that the initial remaining charge Sod of the battery 250 is not sufficient for the compensation of electric power 
until the fuel cell 260 starts power generation, the engine 228 and the generator 2B0 start driving. This arrangement 
preferably controls the decrease in remaining charge SOC of the battery 250 and enables the fuel cell 260 to start 

45 power generation before the electric power of the battery 250 is completely exhausted. Once the fuel cell 260 starts 
power generation, the battery 250 can be charged to have a gradually Increasing remaining charge SOC. 
[0537] The following describes the method of setting the drive point of the engine 228 in the case where the com- 
bination of the engine 22B and the generator 280 is used for the compensation of electric power. The drive point of the 
engine 228 should be set to ensure output of a sufficient level of power that prevents the electric power of the battery 

50 250 from being completely exhausted within the time period tst before the fuel cell 260 starts power generation. As long 
as the output of such power is guaranteed, the drive point of the engine 228 may be set arbitrarily. For example, as 
shown by the graph of the one-dot chain line in Fig. 62, high power may be output from the engine 22B to further restrict 
the consumption of electric power accumulated in the battery 250. Under the condition of the output of such high power, 
the drive of the engine 228 may be stopped at a time point tc. In this case, only the battery 250 is used for the compen- 

55 sation of electric power after the time point tc. Such control is readily implemented by repeatedly executing the fuel cell 
activation control routine of Fig. 60 at preset timings until the fuel cell 260 starts power generation. The early stop of the 
engine 228 may improve the fuel consumption and the environmental properties of the hybrid vehicle. The drive point 
of the engine 228 may be set to output a high level of power that does not require the electric power of the battery 250 
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at all or to output a higher level of power that allows the battery 250 to be charged. 

[0538] The drive point may be set arbitrarily as long as the output of the minimum required power is guaranteed. 
The drive point may be selected among a plurality of drive points set in advance. The technique of the embodiment, 
however, sets the drive point of the engine 228 by giving a preference to the driving efficiency, based on the ideas dis- 

s cussed below. Fig. 63 is a flowchart showing an engine drive point setting routine. This routine is executed when the 
drive of the engine 228 is required at step Si 722 in the fuel cell activation control routine of Fig. 60. 
[0539] When the program enters the engine drive point setting routine of Fig. 63, the CPU first receives the inputs 
regarding the estimated consuming electric power Est and the required time tst before the fuel cell 260 starts power 
generation at step S1 730. The CPU then calculates required power Preq from the inputs according to an equation of 

10 Preq = Est/tst at step SI 732. The required power Preq is on the assumption that the consuming electric power Est is 
output in a substantially uniform manner in the time period tst. Some margin may be added to the required power Preq 
by taking into account a diversity of losses and a possible variation in consuming electric power. 

[0540] The drive point of the engine 228 is set, based on the required power Preq calculated as discussed above, 
according to the following ideas. Fig. 64 is a graph showing the relationship between the drive point of the engine and 

15 the driving efficiency. A curve 8 defines limits of revolving speed and torque in a drivable range of the engine 228. 
Curves a1, a2 a6 are equal driving efficiency curves, and the driving efficiency decreases in this order. Curves C1 , 
C2, and C3 are equal power curves, on each of which the output power of the engine 228, that is, the product of the 
revolving speed and the torque of the engine 228, is fixed. The driving efficiency of the engine 228 varies with variations 
in revolving speed and torque. Setting powers to be output C1, C2, and C3 determines drive points A1 , A2, and A3 of 

20 the highest driving efficiency. A curve A represents a set of such drive points of the highest driving efficiency against 
the respective powers. The curve A is called a working curve. 

[0541] Fig. 65 is a graph showing the relationship between the power and the driving efficiency when the engine is 
driven on the working curve. The driving efficiency reaches its maximum at a drive point DP1 where a predetermined 
level of power Pth is output, and gradually decreases with a deviation of the power from the predetermined level Pth. In 

25 this sense, Pth is considered as the optimum power. In the actual driving conditions, some extremes may appear, but 
the drive point that outputs the optimum power Pth and attains the highest driving efficiency is not varied. 
[0542] The technique of the embodiment gives a preference to the driving efficiency and basically sets the optimum 
power Pth to the drive point of the engine 228. In the case where the minimum required power Preq to compensate for 
the insufficiency of electric power output from the battery 250 is less than the optimum power Pth, for example, in the 

30 case of the output power C2 shown in Fig. 65, the output power from the engine 228 includes a marginal power Pch. 
The battery 250 may thus be charged with this marginal power Pch. When the required power Preq is less than the opti- 
mum power Pth, the engine 228 is driven not at a drive point DP2 corresponding to the required power Preq but at the 
drive point DP1 that allows output of the marginal power Pch. This enhances the driving efficiency of the engine 22B. 
[0543] In the case where the minimum required power Preq is greater than the optimum power Pth, for example, in 

35 the case of the output power C4 shown in Fig. 65, driving the engine 228 at the drive point DPI makes the power output 
from the engine 228 insufficient. The engine 228 should thus be driven at a drive point DP3 corresponding to the 
required power Preq, although the driving efficiency of the engine 228 is slightly lowered at the drive point DP3. If the 
marginal power Pch is further required to charge the battery 250 under these conditions, the drive point of the engine 
228 is shifted to a drive point DP4 shown in Fig. 65. This further lowers the driving efficiency of the engine 228. It is 

40 accordingly desirable that the engine 228 is driven at the drive point corresponding to the required power Preq, which 
does not enable output of the marginal power, when the required power Preq is greater than the optimum power Pth. 
[0544] The technique of this embodiment sets the drive point of the engine 228 based on the ideas discussed 
above. Referring back to the flowchart of Fig. 63, when the required power Preq of the engine 228 is greater than the 
optimum power Pth at step S1734, the drive point DP1 corresponding to the optimum power Pth is selected as the drive 

45 point at step S1736. Otherwise the drive point corresponding to the required power Preq on the working curve A is . 
selected as the drive point at step SI 738. The engine 228 is driven at the selected drive point, in order to allow the com- 
pensation of electric power with a high efficiency. 

[0545] In the hybrid vehicle of the seventh embodiment discussed above, in response to the requirement of power 
generation from the fuel cell 260, the battery 250 and the generator 280 are selectively used to compensate for the 
so response delay of the fuel cell 260 and thereby ensure stable output of the required electric power. In the case of the 
shortage of electric power output from the battery 250, the generator 280 may be used for the further compensation. 
This enables the more stable output of the required electric power. The battery 250 is used preferentially over the gen- 
erator 280 in the process of compensating the electric power. This improves the fuel consumption and the environmen- 
tal properties of the hybrid vehicle. 

55 
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L. Eighth Embodiment 
L1 . Structure of System 

5 [0546] Fig. 66 schematically illustrates the structure of another hybrid vehicle in an eighth embodiment according 
to the present invention. The structure of the hybrid vehicle of the eighth embodiment is basically similar to the structure 
of the hybrid vehicle of the first embodiment. The hybrid vehicle of the eighth embodiment has a cooling system exclu- 
sively used for cooling down the fuel cell 60, in addition to the cooling system of the engine 10 that is not specifically 
illustrated in Fig. 66. The cooling system for the fuel cell 60 includes a radiator 92, a pump 93, and a coolant conduit 

10 94, through which cooling water flows. The hybrid vehicles of the first through the seventh embodiments discussed 
above naturally have the equivalent cooling system for the engine 1 0 and the fuel cell 60, although not specifically illus- 
trated nor described. 

[0547] The main difference from the first embodiment is that the hybrid vehicle of the eighth embodiment has an 
outlet 91 for taking electric power out and a changeover switch 90 for changing over the working electric power supply 
is connected with the outlet 91 . Fig. 67 shows an operation unit 1 60B for selecting the gearshift position in the hybrid vehi- 
cle of the eight embodiment. 

[0548] The operation unit 160B has a gearshift lever 162B and a variety of switches, which are operated by the 
driver to specify the driving state of the vehicle, that is, a sports mode switch 1 63B, a power source changeover switch 
1 64, and a manual power generation switch 1 65. 

20 [0549] The power source changeover switch 164 is used to specify the selection of the working power source dur- 
ing a drive of the hybrid vehicle. The power source changeover switch 1 64 is axial ly movable relative to the central part 
having the display of 'AUTO' like the movement of a seesaw, so as to set three different drive modes. An engine (EG) 
mode is set when the power source changeover switch 1 64 is pressed forward by pushing the front part having the dis- 
play of 'EG*. An FC mode is set when the power source changeover switch 1 64 is pressed rearward by pushing the rear 

25 part having the display of 'FC. An auto mode is set when the power source changeover switch 1 64 is in neutral position. 
The details of the respective drive modes will be discussed later with the control process of this embodiment. 
[0550] The manual power generation switch 1 65 allows the electric power to be taken out of the outlet 91 . While the 
manual power generation switch 1 65 is in ON position, in the case where the hybrid vehicle is capable of supplying elec- 
tric power, insertion of a plug into the outlet 91 enables activation of a diversity of electrical appliances according to the 

30 control process discussed below. While the manual power generation switch 1 65 is in OFF position, on the other hand, 
the outlet 91 is not usable regardless of the power generation ability of the hybrid vehicle. 

[0551 ] The hybrid vehicle of the embodiment has the engine 1 0 and the fuel cell 60 as main energy output sources. 
The hybrid vehicle of this embodiment has a display to inform the driver of the energy source currently working to drive 
the hybrid vehicle, so as to make the driver feet easy. 

35 [0552] Fig. 68 shows an instrument panel in the hybrid vehicle of the eighth embodiment. This is similar to the 
instrument panel in the hybrid vehicle of the first embodiment. The instrument panel has the EV drive indicator 222, 
which is disposed below the tachometer 206 and lights up during a drive with the power of the motor 20. An external 
electric power supply indicator 224 is disposed below the speedometer 204 and lights up when electric power can be 
taken out of the outlet 91 . The sports mode indicator 223 disposed above the gearshift position indicator 220 lights up 

40 when the sports mode switch 163 B is in ON position to set the sports mode. 

L2. EV Drive Control Process 

[0553] Fig. 69 is a flowchart showing an EV drive control routine executed in the eighth embodiment. The CPU in 
45 the control unit 70 periodically executes the EV drive control routine at preset time intervals. This routine is earned out 
when the driving state of the vehicle is in the MG area shown in the maps of Figs. 8 through 11 discussed in the first 
embodiment. When the program enters the EV drive control routine of Rg. 69, the CPU first receives the inputs regard- 
ing the driving conditions of the vehicle at step S201 0. The concrete processing of step S201 0 receives the inputs from 
the variety of sensors shown in Rg. 7 discussed in the first embodiment. Among the diversity of inputs, the pieces of 
so information on the gearshift position, the vehicle speed, the accelerator travel, the remaining quantity GSL of gasoline, 
the remaining charge SOC of the battery 50, the remaining quantity FCL of the FC fuel for the fuel cell 60, the on-off 
state of the ignition switch, and the state of the power source changeover switch 1 64 are especially involved in the sub- 
sequent processing. 

[0554] The CPU then determines whether or not the engine mode is set, based on the input state of the power 
55 source changeover switch 164 at step S2020. In the engine mode, the hybrid vehicle runs onily with the engine 10 as 
the working power source. While the engine mode is set, even if the driving state of the vehicle is within the MG area, 
the hybrid vehicle does not run by the EV drive using the motor 20 as the working power source. When it is determined 
at step S2020 that the engine mode is set, the CPU subsequently compares the remaining quantity GSL of gasoline 
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with a predetermined value G1 at step S2060. In the case where the remaining quantity GSL of gasoline is not less than 
the predetermined value G1 at step S2060, it Is determined that the engine 1 0 Is In drtvabie conditions. The hybrid vehi- 
cle Is accordingly driven with the engine 10 as the working power source at step S2065. In the case where the remain- 
ing quantity GSL of gasoline is less than the predetermined value G1 at step S2060, on the other hand, it is determined 
5 that the drive of the engine 10 is to be stopped. The drive of the engine 1 0 is accordingly stopped at step S2070. In the 
engine mode, the motor 20 is also at a stop at step S2070.. 

[0555] The predetermined value G1 is used as the criterion of the determination of whether or not the drive of the 
engine 10 is allowed. Any value of greater than zero may be set arbitrarily to the predetermined value G1 . Setting zero 
to the predetermined value G1 allows the drive in the engine mode until gasoline is completely exhausted. The tech- 
10 nique of this embodiment sets a positive value to the predetermined value G1 by taking into account the point that the 
engine mode is arbitrarily selected by the driver. Namely the drive of the engine 1 0 may be forbidden in the engine mode 
while the engine 1 0 actually enables a further drive. The driver may continue the drive that selectively uses the motor 
20 and the engine 10 as the working power source, for example, by selecting the auto mode. 

[0556] When it is determined at step S2020 that the engine mode is not set, that is, in the case where either the 
15 auto mode or the FC mode is selected, the CPU carries out the processing to adequately select the working power 
source corresponding to the selected drive mode. The CPU first determines whether or not the fuel cell 60 is available 
for the electric power supply. For the purpose of such decision, the CPU compares the remaining quantity FCL of the 
FC fuel for the fuel cell 60 with a predetermined level Fth31 at step S2030. An arbitrary positive value is set to the pre- 
determined level Fth31 . In the case where the remaining quantity FCL of the FC fuel is not less than the predetermined 
20 level Fth31 at step S2030, it is determined that the fuel cell 60 is available for the electric power supply. The hybrid vehi- 
cle is accordingly driven with the motor 20 as the working power source at step S2035. The EV drive indicator 222 lights 
up to inform the driver of the selection of the motor 20 as the working power source, so as to prevent the driver from 
feeling uneasy. At this moment, the engine 10 is at a stop at step S2035. 

[0557] In the case where the remaining quantity FCL of the FC fuel is less than the predetermined level Fth31 at 
25 step S2030, on the other hand, it is determined that the fuel cell 60 is not available for the electric power supply. The 
CPU subsequently determines whether or not the FC mode is set, based on the input state of the power source change- 
over switch 164 at step S2040. In the FC mode, the hybrid vehicle is driven with the fuel cell 60 as the working energy 
output source. In the auto mode, the hybrid vehicle is driven by selectively using the fuel cell 60 and the engine 10 as 
the working energy output source. When only an insufficient quantity of the FC fuel remains and the FC mode is not 
30 selected at step S2040, the hybrid vehicle is driven with the engine 10 as the working power source at step S2065. 
While the engine 1 0 is used as the working power source to drive the hybrid vehicle, the EV drive indicator 222 is off. 
[0558] When the FC mode is selected at step S2040, on the other hand, the use of the engine 10 is forbidden in 
principle. The CPU subsequently determines whether or not the ignition switch is in ON position at step S2050. When 
the ignition switch is in OFF position, the drive of the engine 10 is forbidden while the operation of the fuel cell 60 is at 
35 a stop at step S2055. In this case, the hybrid vehicle does not have any working power source and stops. When the 
ignition switch is in ON position, on the other hand, it is determined that the driver requires a start of the engine 10, in 
other words, that the FC mode is cancelled. The hybrid vehicle is accordingly driven with the engine 10 as the working 
power source at step S2065. 

[0559] While the engine 1 0 is used as the working power source to drive the hybrid vehicle at step S2065, the CPU 
40 simultaneously carries out the processing to increase the remaining charge SOC of the battery 50. The control process 
of this embodiment keeps the remaining charge SOC of the battery 50 to or above a predetermined threshold value. 
When the remaining charge SOC of the battery 50 is below the predetermined threshold value, the battery 50 is 
charged with the electric power output from the fuel cell 60 or with the electric power obtained by driving the auxiliary 
machinery driving motor 80 as the generator with the power of the engine 1 0. There is a fair possibility that the FC fuel 
45 is short in the case where the engine 1 0 is used as the working power source to drive the hybrid vehicle at step S2065. 
The threshold value of the battery 50 is accordingly raised to prepare for the requirement of the output of electric power. 
[0560] The EV drive control process discussed above enables the hybrid vehicle to be driven by preferentially using 
the fuel cell 60 in the MG area. This attains a drive of excellent driving efficiency and environmental properties. In the 
hybrid vehicle of the eighth embodiment, the working power source used for the drive is arbitrarily specified by the driver 
so through the operation of the power source changeover switch 164. This allows the drive well reflecting the intention of 
the driver and improves the facility of the hybrid vehicle. 

[0561] Some examples are given to describe the improved facility of the hybrid vehicle by the arbitrary selection of 
the working power source. In a first example, when the driver needs to use the electric power of the fuel cell 60 via the 
outlet 91 at a destination, the driver selects the engine mode. Such selection desirably restricts the consumption of the 
55 FC fuel before the hybrid vehicle arrives at the destination, and enables the fuel cell 60 to be effectively used at the des- 
tination. In a second example, the working power source is selected according to the requirement with regard to the 
response of the vehicle. The fuel cell 60 generally has a poor response to output the electric power. The selection of 
the engine mode enables a drive of the hybrid vehicle with a high response. In a third example, the working power 
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source is selected according to the requirement with regard to the noise reduction. The engine 10 generally has a large 
working noise. If the noise reduction Is highly demanded, for example, In the case of a drive at a midnight, the FC mode 
Is selected to attain a drive In stillness. As clearly understood from these examples, the arrangement of allowing the 
driver to arbitrarily select the working power source remarkably improves the facility of the hybrid vehicle. 

s [0562] In the EV drive control routine discussed above, when only an insufficient quantity of the FC fuel remains in 
the FC mode, the hybrid vehicle is at a stop until the ignition switch is set on (step S2055 in the flowchart of Fig. 69). 
When the hybrid vehicle stops due to the shortage of the FC fuel without drawing the attention of the driver, the driver 
may misjudge the malfunction of the vehicle. This significantly damages the facility of the hybrid vehicle. In order to 
avoid such misjudgment, it is desirable that the EV drive indicator 222 is flashed to inform the driver of the possibility of 

10 a stop when the remaining quantity FCL of the FC fuel approaches to the predetermined level Fth31 in the EV drive 
control process. 

L3. External Electric Power Supply Activation Control Process 

75 [0563] Fig. 70 is a flowchart showing an external electric power supply activation control routine executed in the 
eighth embodiment. The external electric power supply activation control process controls the supply of electric power 
to the outlet 91. 

[0564] When the program enters the external electric power supply activation control routine of Fig. 70, the CPU 
first receives the input signals from the various sensors and switches at step S2105. Among the diversity of inputs, the 
20 pieces of information on the on-off state of the manual power generation switch 165, the gearshift position, the remain- 
ing charge SO C of the battery 50, the remaining quantity FCL of the FC fuel for the fuel cell 60, and the on" off state of 
the ignition switch are especially involved in the subsequent processing. 

[0565] The CPU then determines whether or not the manual power generation switch 1 65 is in ON position at step 
S21 10. When the manual power generation switch 165 is in OFF position, the use of the outlet 91 is not allowed. The 

25 CPU accordingly carries out the processing to switch off the external electric power supply, that is, to forbid a supply of 
electric power to the outlet 91 and causes the external electric power supply indicator 224 to go out at step S21 40. The 
external electric power supply is switched off by setting the changeover switch 90 in neutral position. 
[0566] When the manual power generation switch 1 65 is in ON position at step S21 1 0, on the other hand, the CPU 
subsequently determines whether or not the gearshift position is the position P at step S2115. The decision of step 

30 S21 15 is not essential, but the technique of this embodiment carries out the decision for the purpose of the confirmation 
since the outlet 91 is generally used while the vehicle is at a stop. When the gearshift position is not the position P at 
step S21 15, the use of the outlet 91 is not allowed. The CPU accordingly carries out the processing to switch off the 
external electric power supply and causes the external electric power supply indicator 224 to go out at step S2140. If 
there is a fair possibility that the outlet 91 is used during a drive, the decision of step S21 1 5 may be omitted. 

35 [0567] When it is determined at step S2115 that the gearshift position is the position P, the CPU carries out the 
processing to cause electric power to be output from the outlet 91 . The hybrid vehicle of the eighth embodiment has the 
battery 50 and the fuel cell 60 as the electric power supplies. The auxiliary machinery driving motor 80 driven as a gen- 
erator with the power of the engine 1 0 is also usable as the electric power supply. The hybrid vehicle of this embodiment 
preferentially uses the battery 50, the fuel cell 60, and the combination of the engine 10 and the auxiliary machinery 

40 driving motor 80 for the working electric power supply in this sequence. 

[0568] For the purpose of the appropriate selection of the working electric power supply, the CPU first compares 
the remaining charge SOC of the battery 50 with a predetermined reference value A% at step S21 20. In the case where 
the remaining charge SOC is not less than the predetermined reference value A%, it is determined that the battery 50 
has some margin. The CPU accordingly carries out the processing to switch on the external electric power supply and 

45 causes the external electric power supply indicator 224 to light up at step S21 25. Here the battery 50 works as the elec- 
tric power suppty to supply electric power to the outlet 91 , while both the fuel cell 60 and the engine 1 0 are at a stop. 
[0569] The predetermined reference value A% is used as the criterion of the determination of whether or not the 
battery 50 is available for the working electric power supply, and may be set arbitrarily. As described previously, the bat- 
tery 50 is used to compensate for the response delay of the fuel cell 60. It is accordingly desirable that the battery 50 

so should keep a sufficient level of electric power that enables such compensation. From this point of view, the technique 
of this embodiment sets the charge level SOC3 with a little margin, which is discussed in the first embodiment with Fig. 
16, to the predetermined reference value A%. Any other value may, however, be set to the predetermined reference 
value A%. 

[0570] In the case where the remaining charge SOC of the battery 50 is less than the predetermined reference 
55 value A% at step S21 20, on the other hand, the CPU subsequently compares the remaining quantity FCL of the FC fuel 
for the fuel cell 60 with a predetermined level Fth32 at step S2130. In the case where the remaining quantity FCL of the 
FC fuel is not less than the predetermined level Fth32, it is determined that the power generation ability of the fuel cell 
60 has some margin. The CPU accordingly carries out the processing to switch on the external electric power supply 
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and causes the externa) electric power supply indicator 224 to light up at step S2T50. Here the fuel cell 60 works as the 
electric power supply to supply electric power to the outlet 91 , while the engine 10 is at a stop. 

[0571] The predetermined level Fth32 is used as the criterion of the determination of whether or not the fuel cell 60 
is available for the working electric power supply, and may be set arbitrarily. The outlet 91 is a device that improves the 

5 facility of the hybrid vehicle, and is not essential for the basic functions of the vehicle. From this point of view, the tech- 
nique of this embodiment restricts the use of the external electric power supply to the case where the power generation 
ability of the fuel cell 60 has a sufficient margin. A positive value is accordingly set to the predetermined level Fth32. 
The technique of this embodiment sets a greater value to the predetermined level Fth32 used in the external electric 
power supply activation control process than the predetermined level Fth31 used in the EV drive control process of Fig. 

10 69 by considering the requirement in the EV drive control process. Any other value may, however, be set to the prede- 
termined level Fth32. 

[0572] In the case where the remaining quantity FCL of the FC fuel is less than the predetermined Level Fth32 at 
step S2130, on the other hand, the use of the external electric power supply is forbidden in principle. In other words, 
supply of electric power to the outlet 91 using the engine 1 0 as the power source is implemented only in response to a 

is specific instruction from the driver. For the purpose of such decision, the CPU determines whether or not the ignition 
switch is in ON position at step S2135. When the ignition switch is in OFF position, the use of the external electric power 
supply is forbidden. The CPU accordingly carries out the processing to switch off the external electric power supply and 
causes the external electric power supply indicator 224 to go out at step S2140. When the ignition switch is in ON posi- 
tion, on the contrary, it is determined that the driver requires a supply of electric power using the engine 10 as the power 

20 source. The CPU accordingly carries out the processing to switch on the external electric power supply and causes the 
external electric power supply indicator 224 to light up at step S2145. Here the auxiliary machinery driving motor 80 is 
driven as a generator with the power of the engine 1 0 to supply electric power to the outlet 91 , while the fuel cell 60 is 
at a stop. 

[0573] The external electric power supply activation control process discussed above enables electric power to be 
25 taken out of the outlet 91 and thereby improves the facility of the hybrid vehicle. The preferential use of the reversible 
electric power supply, that is, the battery 50, ensures the output of electric power without affecting the basic functions 
of the vehicle. The arrangement of using the battery 50 or the fuel cell 60 for the external electric power supply and for- 
bidding in principle the supply of electric power using the engine 10 as the power source enables the electric power to 
be taken out of the outlet 91 for the required use without damaging the fuel consumption and the environmental prop- 
30 ertiesof the hybrid vehicle. The prohibition of the drive of the engine 10 also ensures the stillness in the use of the outlet 
91. 

[0574] In the external electric power supply activation control process of this embodiment, supply of electric power 
using the engine 1 0 as the power source is allowed in response to the ON operation of the ignition switch. When the 
output of electric power through the outlet 91 is highly demanded, this arrangement ensures the supply of electric power 

35 according to the intention of the driver, thereby improving the facility of the hybrid vehicle. 

[0575] The hybrid vehicle of the eighth embodiment discussed above preferentially uses the fuel cell 60 over the 
engine 10, thus improving the driving efficiency and the environmental properties during a drive of the vehicle. The 
structure of the eighth embodiment allows the driver to manually set the desired drive mode and specify the on-off state 
of the outlet 91 . This actualizes the working state of the hybrid vehicle according to the intention of the driver and 

40 improves the facility of the hybrid vehicle. In the drive mode where the use of the engine 10 is not suitable, the drive of 
the engine 10 is forbidden in principle. This arrangement favorably prevents the fuel consumption and the environmen- 
tal properties of the hybrid vehicle from being worsened by the drive of the engine 10. Even under such conditions, the 
drive of the engine 10 is allowed in response to the ON operation of the ignition switch. This also actualizes the working 
state of the hybrid vehicle according to the intention of the driver and improves the facility of the hybrid vehicle. 

45 

L4. First Modification 

[0576] There are a diversity of possible modifications with regard to the control processes executed in the hybrid 
vehicle of the eighth embodiment discussed above. One modified example of the EV drive control routine is discussed 

so below as a first modification of the eighth embodiment. Fig. 71 is a flowchart showing part of an EV drive control routine 
executed in the first modification of the eighth embodiment. The flowchart of Fig. 71 shows only the part different from 
the EV drive control routine of the eighth embodiment shown in the flowchart of Fig. 69. The technique of the eighth 
embodiment determines whether or not the fuel cell 60 is available for the working electric power supply, based on the 
comparison between the remaining quantity FCb of the FC fuel and the predetermined level Fth31 at step S2030 in the 

55 flowchart of Fig. 69. The predetermined level Fth31 is a fixed value. The technique of the first modification, on the other 
hand, determines whether or hot the fuel cell 60 is available for the working electric power supply, based on the com- 
parison between the remaining quantity FCL of the FC fuel and a specific value FGSL at step S2031 in the flowchart of 
Fig. 71. The specific value FGSL is varied with a variation in remaining quantity GSL of gasoline. 
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[0577] Fig. 72 is a graph showing a variation in specific value FGSL plotted against the remaining quantity GSL of 
gasoline. The specific value FGSL Increases with an increase in remaining quantity GSL of gasoline. This means that 
the greater remaining quantity GSL of gasoline causes the use of the fuel cell 60 to be restricted at the earlier timing. 
In the case of a large remaining quantity GSL of gasoline, there is a fair possibility that the hybrid vehicle is further 
driven for a long time. There is accordingly a high possibility that the fuel cell 60 is used in a number of opportunities. 
In the setting of Fig. 72, the consumption of the FC fuel is restricted at the earlier timing against the greater remaining 
quantity GSL of gasoline. This causes the power generation ability of the fuel ceil 60 to be kept over a long time period 
and thereby enables the fuel cell 60 to be used in occasions of high effectiveness. In the example of Fig. 72, the specific 
value FGSL varies linearly with a variation in remaining quantity GSL of gasoline. The specific value FGSL may, how- 
ever, be varied nonlinearry or in a stepwise manner. 

L5. Second Modification 

[0578] The techniques of the eighth embodiment and its first modification evaluate the power generation ability of 
is the fuel cell 60 and control the use of the fuel cell 60, based on the remaining quantity FCL of the FC fuel. The power 
generation ability of the fuel ceil 60 may, however, be evaluated with other parameters. The control process of evaluat- 
ing the power generation ability of the fuel cell 60 based on the observed temperature of the fuel cell 60 is discussed 
below as a second modification of the eighth embodiment. 

[0579] Fig. 73 is a flowchart showing an EV drive control routine executed in the second modification of the eighth 

20 embodiment. Like the EV drive control routine of the eighth embodiment shown in Fig. 69, when the program enters the 
EV drive control routine of Fig. 73, the CPU first receives the inputs regarding the driving conditions of the vehicle at 
step S221 0. Among the diversity of inputs, the pieces of information on the temperature of the fuel cell 60, the gearshift 
position, the vehicle speed, the accelerator travel, and the remaining charge SOC of the battery 50 are especially 
involved in the subsequent processing. 

25 [0580] The CPU then compares the observed temperature of the fuel cell 60 with a preset temperature TFC1 at 
step S2230. Under the condition of the extremely high temperature of the fuel cell 60, the continuous power generation 
. may cause the fuel cell 60 to be overheated and thereby significantly shorten the life of the fuel cell 60. The preset tem- 
perature TFC1 is used as the parameter of determining whether or not there is a fair possibility that the fuel cell 60 is 
overheated. An appropriate value is set to the preset temperature TFC1 with regard to each type of the fuel cell. 

30 [0581] In the case where the observed temperature of the fuel cell 60 is lower than the preset temperature TFC1 at 
step S2230, it is determined that the continuous use of the fuel cell 60 is allowed. The CPU accordingly carries out the 
processing to drive the motor 20 with the fuel cell 60 as the working electric power supply at step S2240. In the case 
where the observed temperature of the fuel cell 60 is not lower than the preset temperature TFC1 at step S2230, on the 
other hand, it is determined that the use of the fuel cell 60 is to be forbidden. The CPU accordingly carries out the 

35 processing to use another electric power supply or another power source to drive the hybrid vehicle. In the EV drive con- 
trol processes of the eighth embodiment and its first modification, the battery SO is not used during the EV drive. The 
EV drive control process of the second modification, on the other hand, uses the battery 50 even during the EV drive. 
[0582] In order to determine whether or not the battery 50 is available for the working electric power supply, the 
CPU compares the remaining charge SOC of the battery 50 with a predetermined reference value L031 at step S2250. 

40 A positive value is set to the predetermined reference value L031 in this embodiment, although the reference value 
L031 may be set arbitrarily. The control process of the second modification evaluates the power generation ability of 
the fuel cell 60 based on the temperature of the fuel cell 60. The prohibition of the use of the fuel cell 60 for some time 
may lower the temperature and enable the fuel cell 60 to be used again for the electric power supply. In such cases, the 
response delay of the fuel cell 60 should be compensated with the electric power of the battery 50. The predetermined 

45 reference value L031 is accordingly set in a certain range that ensures the electric power for this purpose. 

[0583] In the case where the remaining charge SOC of the battery 50 is not less than the predetermined reference 
value L031 at step S2250, it is determined that the battery 50 has some margin. The CPU accordingly drives the motor 
20 with the battery 50 as the working electric power supply at step S2260. In the case where the remaining charge SOC 
of the battery 50 is less than the predetermined reference value L031 at step S2250, on the contrary, it is determined 

so that the use of the battery 50 is not allowed. The CPU accordingly sets the engine 1 0 as the power source to drive the 
hybrid vehicle at step S2270. 

[0584] Fig. 74 shows variations in temperature of the fuel cell 60 (FC temperature), output of the fuel cell 60 (FC 
output), output of the engine 10, and output of the motor 20 with the elapse of time when the EV drive control process 
shown in the flowchart of Fig. 73 is carried out. At the initial stage, the hybrid vehicle runs by the EV drive with the fuel 
55 cell 60 as the working electric power supply. In this case, both the FC output and the output of the motor 20 have pre- 
determined positive values, whereas the output of the engine 10 is kept zero. The FC temperature rises with the elapse 
of time. 

[0585] At a time point hi, the observed FC temperature reaches or exceeds the preset temperature TFC1. The 
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control process of Fig. 73 discussed above decreases the output of the fuel cell 60 to zero at a time point h2. Here it is 
assumed that the battery 50 has only an Insufficient level of remaining charge SOC. Under such conditions, with the 
decrease In output of the fuel cell 60, the engine 1 0 is used as the working power source to drive the hybrid vehicle. As 
shown by the graph of Fig. 74, the output of the motor 20 accordingly decreases while the output of the engine 10 

5 increases in the period between the time points hi and h2. The drive of the hybrid vehicle using the engine 10 as the 
power source continues until the temperature of the fuel cell 60 becomes lower than the preset temperature TFC1. 
[0586] As a result of the forbidden use of the fuel cell 60, at a time point h5, the temperature of the fuel cell 60 
becomes lower than the preset temperature TFC1 . The operation of the fuel cell 60 accordingly resumes and the output 
of the fuel cell 60 increases in the period between the time points h5 and h6. With an increase in output of the fuel cell 

10 60, the output of the engine 1 0 decreases while the output of the motor 20 increases. The control process thus enables 
the fuel cell 60 to be driven in a specific temperature range that does not significantly deviate from the preset tempera- 
ture TFC1 . It is preferable that an appropriate hysteresis is set at the decision of step S2230 in the EV drive control proc- 
ess of the second modification, in order to prevent the driving state of the fuel cell 60 from being frequently changed 
over between the allowance and the prohibition in the case where the temperature of the fuel cell 60 is close to the pre- 

75 set temperature TFC1 . 

[0587] The EV drive control process of the second modification evaluates the power generation ability of the fuel 
cell 60 based on the observed temperature of the fuel cell 60, and enables the fuel cell 60 to be used in an adequate 
temperature range. This technique effectively prevents the life of the fuel cell 60 from being shortened due to the over- 
heating environment. The use of the fuel cell 60 is forbidden when the temperature of the fuel cell 60 reaches or 
20 exceeds the preset temperature TFC1 . The cooling system of the fuel cell 60 is accordingly required to have the ability 
of cooling down the fuel cell 60 in the temperature range of lower than the preset temperature TFC1. The technique of 
the second modification does not require the fuel cell 60 to have the cooling means applicable for the whole working 
range of the fuel cell 60, thereby desirably reduces the size of the cooling system. 

[0588] The technique of the second modification allows the use of the battery 50 during the EV drive. The battery 

25 50 is, however, used temporarily until the temperature of the fuel cell 60 drops below the preset temperature TFC1 . 
Even the battery 50 of the supplementary purpose is thus usable in this application. The use of the battery 50 preferably 
restricts the drive of the engine 10 and prevents the driving efficiency and the environmental properties of the hybrid 
vehicle from being worsened. The control process of the second modification is on hy one possible example, and the 
processing may be carried out without using the battery 50. Such processing corresponds to the flow when the condi- 

30 tion of step S2250 is always unsatisfied in the routine of Fig. 73. 

[0589] in the case where the observed temperature of the fuel cell 60 reaches or exceeds the preset temperature 
TFC1 , the control process of the second modification completely stops the use of the fuel cell 60 and changes over the 
working electric power supply from the fuel cell 60 to the battery 50. Another possible procedure reduces the output of 
the fuel cell 60 to some extent that prevents a further increase in temperature, and causes the battery 50 to compensate 

35 for the reduced electric power. 

[0590] When the engine 1 0 is used as the working power source to drive the hybrid vehicle in the control processes 
of the eighth embodiment and its modifications, the drive of the engine 10 may be controlled by a variety of methods. 
One applicable method, which is generally adopted in the conventional vehicle with only the engine 10 as the power 
source, drives the engine 10 at idle while the hybrid vehicle is at a stop. Another applicable method stops the operation 

40 of the engine 1 0 while the hybrid vehicle is at a stop. In the latter case, it is required to drive the auxiliary machines, such 
as the air-conditioning equipment, the power steering, and the pump 93 for driving the cooling system of the fuel cell 
60, even when the vehicle is at a stop. Still another applicable method accordingly stops the operation of the engine 1 0 
but drives the auxiliary machinery driving motor 80 with the battery 50 as the electric power supply while the hybrid vehi- 
cle is at a stop. In this control procedure, the battery 50 and the engine 1 0 may be selectively used to drive the auxiliary 

45 machines according to the remaining charge SOC of the battery 50. 

L6. Third Modification 

[0591] The control processes of the eighth embodiment and its modifications use the motor 20 only in a specific 
so drive range according to the maps of Figs. 8 through 1 1 . In a different application, both the engine 10 and the motor 20 
are used in the whole drive range. The control process under such conditions is described below as a third modification 
of the eighth embodiment Fig. 75 shows a distribution of output in the third modification. The torque output to the drive 
shaft 1 5 varies with a variation in speed set in the transmission 100. The graph of Fig. 75 accordingly shows a variation 
in torque applied to the input shaft 14 of the transmission 100 plotted against the accelerator travel. The technique of 
55 the third modification uses both the motor 20 and the engine 10 as the power sources in the whole range of the accel- 
erator travel. Namely the total torque corresponding to the accelerator travel is distributed between the outputs of the 
engine 1 0 and the motor 20. 

[0592] In the technique of the third modification, the distribution of the output between the motor 20 and the engine 
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1 0 is varied aocording to the power generation ability of the fuel cell 60. A distribution curve CI of the broken line shown 
In Fig. 75 is adopted In normal conditions. The area below the distribution curve CI corresponds to the output torque of 
the engine 10, and the area between a curve of total output (shown by the solid line) and the distribution curve C1 cor- 
responds to the output torque of the motor 20. In the case of the-lowered power generation ability of the fuel cell 60, the 
5 output torque of the motor 20 is lowered. Namely the distribution of the output is shifted to a distribution curve C2 of the 
one-dot chain line. The distribution curve C2 has a smaller portion of the output of the motor 20 and enhances the por- 
tion of the output of the engine 1 0 to compensate for the lowered output of the motor 20. The details of the processing 
to attain such control are described below. 

[0593] Fig. 76 is a flowchart showing a drive control routine executed in the third modification of the eighth ernbod- 
io iment. When the program enters the drive control routine of Fig. 76, the CPU first receives the inputs regarding the driv- 
ing conditions of the vehicle at step S2305. Among the diversity of inputs, the pieces of information on the vehicle 
speed, the accelerator travel, the gearshift position, the remaining quantity FCL of the FC fuel, the remaining charge 
SOC of the battery 50, and the electric power output from the fuel cell 60 are especially involved in the subsequent 
processing. 

is [0594] The CPU subsequently determines whether or not the fuel cell 60 has deteriorated at step S231 0. The deci- 
sion of step S231 0 is based on the difference between the required electric power to be output from the fuel cell 60 and 
the electric power actually output from the fuel cell 60. When the electric power actually output from the fuel cell 60 is 
less than the required electric power by a predetermined or greater difference, it is determined that the fuel cell 60 has 
deteriorated. As described previously, the fuel cell 60 has a response delay. In order to avoid misjudgment, the decision 

20 is made after the temperature of the fuel cell 60 rises sufficiently. 

[0595] When it is determined at step S231 0 that the fuel cell 60 has not yet deteriorated, the motor 20 is driven with 
the electric power of the fuel cell 60 to output the torque corresponding to the accelerator travel at step S2345. This cor- 
responds to the driving state following the distribution curve C1 shown in Fig. 75. The processing of step S2345 drives 
both the fuel cell 60 and the engine 1 0 to respectively output the preset torques on the distribution curve C1 of Fig. 75. 

25 [0596] When it is determined at step S2310 that the fuel cell 60 has deteriorated, on the other hand, the CPU car- 
ries out the processing to compensate for the lowered output of the fuel cell 60 due to the deterioration. For this pur- 
pose, the CPU compares the remaining charge SOC of the battery 50 with a predetermined reference value L032 at 
step S2315. In the case where the remaining charge SOC of the battery 50 is not less than the predetermined reference 
value L032, it is determined that the battery 50 has some margin. The motor 20 is accordingly driven with the electric 

30 power of the battery 50 at step S2320. In this case, the motor 20 is driven to follow the distribution curve C1 shown in 
Fig. 75. The reference value L032 may be set in a specific range that ensures a sufficient level of remaining charge 
SOC in the battery 50 to enable the motor 20 to output the required torque. 

[0597] In the case where the remaining charge SOC of the battery 50 is less than the predetermined reference 
value L032 at step S2315, on the other hand, the CPU subsequently compares the remaining quantity FCL of the FC 
35 fuel for the fuel cell 60 with a predetermined level Fth34 at step S2325. The result of the comparison determines 
whether or not further operation of the deteriorating fuel ceil 60 is still allowable. The predetermined level Fth34 is used 
as the criterion of such decision and may be set arbitrarily by taking into account the requirements in the other drive 
modes as described previously. 

[0598] In the case where the remaining quantity FCL of the FC fuel is less than the predetermined level Fth34 at 

40 step S2325, further operation of the fuel cell 60 is not allowed. The CPU accordingly changes over the working power 
source to the engine 10 and stops the operation of the fuel cell 60 at step S2350. Under such conditions, only the 
engine 10 outputs the torque according to the accelerator travel. It is, however, impossible for the engine 10 to output 
the sufficient torque corresponding to the required total output shown in Fig. 75. The engine 10 accordingly outputs the 
maximum possible torque in the allowable range. 

45 [0599] In the case where the remaining quantity FCL of the FC fuel is not less than the predetermined level Fth34 
at step S1325, on the other hand, the CPU continues the operations of both the fuel cell 60 and the engine 10 while 
varying the distribution of the output between the fuel cell 60 and the engine 1 0. According to a concrete procedure, the 
CPU continues driving the motor 20 with the fuel cell 60 as the working electric power supply at step S2330. In this 
case, the output of the motor 20 is restricted to the range specified by the distribution curve C2 shown in Rg. 75. The 

so output of the engine 10 is simultaneously enhanced to compensate for the reduced output of the motor 20 at step 
S2335. Namely the engine 10 outputs the torque following the distribution curve C2 shown in Fig. 75. The position of 
the change-speed gear in the transmission 100 is simultaneously shifted to a greater gear ratio at step S2340. For con- 
venience of explanation, in the example of Rg. 75, the required total output is attained by varying the distribution of the 
output between the motor 20 and the engine 10 to the distribution curve C2. In the actual state, however, the required 

55 total output may not be attained by varying the distribution of the output in the case of the deteriorating fuel cell 60, since 
the total output in the normal conditions is set in a specific range that ensures the effective use of the torques output 
from the motor 20 and the engine 10. Under such conditions, the shift of the change-speed gear to the greater gear ratio 
enables the equivalent level of torque to that in the normal conditions to be output to the drive shaft 15. This is the pur- 
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pose of the processing at step S2340. 

[0600] The drive control process of the third modification discussed above ensures the total output equivalent to 
that in the normal conditions by varying the distribution of the output between the engine 10 and the motor 20 even 
when the fuel ceil 60 has the lowered power generation ability. Regulation of the change'speed gear in the transmission 
s 100 enables the torque equivalent to that in the normal conditions to be output to drive shaft 15. The technique of the 
third modification accordingly attains a drive that keeps the driver free of significant uneasiness even in the case of the 
deterioration of the fuel cell 60. 

[0601] The control process of the third modification regulates the position of the change-speed gear in the trans- 
mission 100, simultaneously with the variation in distribution of the output between the engine 10 and the motor 20. 
10 Either one of the regulation and the variation may, however, be omitted. In the control process of the third modification, 
the motor 20 and the engine 10 are used in combination in the whole drive range. This technique may, however, be 
applied to the structure that allows the combined use of the motor 20 and the engine 10 only in a specific drive range 
where the accelerator travel is not less than a preset value. 

15 M. Ninth Embodiment 

[0602] Rg. 77 schematically illustrates the structure of still another hybrid vehicle in a ninth embodiment according 
to the present invention. TTie main difference from the eighth embodiment is the structure of the cooling system. The 
hybrid vehicle of the eighth embodiment has separate cooling systems for the fuel cell 60 and the engine 10, whereas 

20 the hybrid vehicle of the ninth embodiment has a common cooling system for the fuel cell 60 and the engine 1 0. In the 
structure of the ninth embodiment, a coolant conduit 94', through which cooling water flows, is designed to pass through 
both the fuel cell 60 and the engine 1 0. The cooling water is flown through the coolant conduit 94' by means of the pump 
93, and the heat radiates from the radiator 92. This arrangement cools down both the fuel cell 60 and the engine 10. 
[0603] The control processes executed in the hybrid vehicle of the ninth embodiment are identical with those exe- 

25 cuted in the hybrid vehicle of the eighth embodiment. Because of the difference in structure of the cooling system, the 
technique of the ninth embodiment carries out the characteristic warm-up control process of the engine 1 0 as described 
below. 

[0604] Fig. 78 is a flowchart showing an engine warm-up control routine executed in the ninth embodiment. Like the 
control processes executed in the eighth embodiment, the CPU in the control unit 70 repeatedly executes this engine 

30 warm- up control routine at preset time intervals. When the program enters the routine of Rg. 78, the CPU first receives 
the inputs regarding the driving conditions of the vehicle at step S2405. Among the diversity of inputs, the pieces of 
information on the vehicle speed, the accelerator travel, the gearshift position, the water temperature in the engine 10, 
and the remaining quantity FCL of the FC fuel for the fuel cell 60 are especially involved in the subsequent processing. 
[0605] The CPU subsequently determines whether or not the current driving state of the vehicle corresponds to the 

35 MG area, based on the input accelerator travel and vehicle speed at step S241 0. When the current driving state of the 
vehicle does not correspond to the MG area, the engine 1 0 is used as the working power source to drive the hybrid vehi- 
cle, irrespective of the warm-up state of the engine 10 at step S2440. 

[0606] When it is determined at step S241 0 that the current driving state of the vehicle corresponds to the MG area, 
on the other hand, the CPU subsequently determines whether or not the warm-up of the engine 10 is required at step 
40 S241 5. The decision of step S241 5 is based on the comparison between the observed water temperature in the engine 
10 and a predetermined threshold temperature. In the case where the warm-up of the engine 10 is not required, the 
motor 20 is driven with the fuel cell 60 as the working electric power supply according to the standard driving process 
in the MG area, so as to drive the hybrid vehicle at step S2420. 

[0607] In the case where the warm-up of the engine 1 0 is required at step S2415, on the contrary, the CPU then 
45 determines whether or not there is a possibility of the engine drive at step S2425. A diversity of methods may be applied 
for the decision of step S2425 as discussed later When it is determined at step S2425 that there is no possibility of the 
engine drive, the warm-up of the engine 10 is practically needless. The motor 20 is thus driven with the fuel cell 60 as 
the working electric power supply according to the standard driving process in the MG area, so as to drive the hybrid 
vehicle at step S2420. 

50 [0608] When it is determined at step S2425 that there is a possibility of the engine drive, on the other hand, the 
CPU drives the motor 20 with the fuel cell 60 as the working electric power supply according to the standard driving 
process in the MG area at step S2430 and simultaneously starts warming up the engine 10 at step S2435. The warm- 
up of the engine 10 means that the engine 1 0 is driven at idle. In the structure of the ninth embodiment, the input clutch 
1 8 arranged between the engine 10 and the motor 20 is released during the warm-up drive of the engine 10. This effec- 

55 tively prevents the power of the engine 10 from affecting the output of the drive shaft 15. During the warm-up process, 
the engine 10 has extremely low driving efficiency and high emission. The warm-up drive of the engine 10 in the cou- 
pled state of the input clutch 18 may cause the speed of the engine 10 to be higher than the idling speed under some 
driving conditions of the vehicle. An increase in speed of the engine 1 0 during the warm-up drive undesirably lowers the 
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working efficiency of the hybrid vehicle. The release of the input clutch 1 8 during the warm-up drive desirably prevents 
such potential troubles. 

[0609] The possibility of the engine drive is determined according to a variety of methods. One applicable method 
determines whether or not the hybrid vehicle may be driven in the engine drive area, based on a variation in vehicle 

5 speed in the MG area. The decision may alternatively be based on the remaining quantity of the FC fuel for the fuel cell 
60. In the hybrid vehicle of the ninth embodiment, the fuel cell 60 and the engine 10 have a common cooling system. 
Heat produced in the fuel cell 60 is accordingly transmitted to the engine 10 via cooling water flowing through the com- 
mon cooling system. Namely the warm-up of the engine 10 can be implemented with the heat produced in the course 
of the operation of the fuel cell 60. 

10 [0610] Fig. 79 is a graph showing a variation in quantity of the FC fuel required for the warm-up plotted against the 
watertemperature in the engine 1 0 (hereinafter referred to as the engine temperature). A preset temperature TH shown 
in Fig. 79 represents the temperature at which the wamVup of the engine 10 is completed. The lower engine tempera- 
ture requires the longer time to reach the preset temperature TH. The consumption of the FC fuel increases in the 
course of the warm-up of the engine 1 0 with the heat of the fuel cell 60. Namely the lower engine temperature causes 

is the greater quantity of the FC fuel to be required for the warm-up of the engine 1 0. The relationship between the engine 
temperature and the required quantity of the FC fuel may be varied in a diversity of patterns according to the structure 
of the cooling system and the heat capacity of the engine 10, although they have a linear relationship in the graph of 
Fig. 79. 

[061 1 ] When the remaining quantity of the FC fuel is greater than a predetermined value read from the map of Fig. 

20 79, the operation of the fuel cell 60 is continued to complete the warm-up of the engine 1 0. When the remaining quantity 
of the FC fuel is less than the predetermined value, however, it is impossible to complete the warm'up of the engine 10 
only by means of the fuel cell 60. In the EV drive control process executed in the eighth embodiment, when the remain- 
ing quantity of the FC fuel decreases below the predetermined level before the completion of the warm-up of the engine 
10, the working power source is changed over from the motor 20 to the engine 10. In the case where the remaining 

25 quantity of the FC fuel is less than the predetermined level, it is thus determined that there is a possibility of the engine 
drive even in the course of the continuous drive of the vehicle in the MG area. 

[0612] Another applicable method determines the possibility of the engine drive at step S2425, based on a known 
drive route. One of the recent developments is a navigation system, on which a preset drive routine of the vehicle is dis- 
played. In the hybrid vehicle with the navigation system mounted thereon, the control unit 70 receives information 

30 regarding a planned drive route and determines whether or not there is any division of the route where the hybrid vehi- 
cle certainly runs in the engine drive area, for example, a highway. A variety of other methods and combinations of the 
above and other methods may also be applied for the decision about the possibility of the engine drive. 
[0613] In the hybrid vehicle of the ninth embodiment discussed above, the engine 1 0 is warmed up independently 
of the power output from the drive shaft 15. The warm-up of the engine 1 0 is thus performed without significantly low- 

35 ering the driving efficiency and the environmental properties of the hybrid vehicle. The warm-up of the engine 10 is car- 
ried out only when there is a possibility of driving the engine 10. This desirably avoids the needless warm-up and 
thereby prevents the driving efficiency of the hybrid vehicle from being lowered. In the arrangement of the ninth embod- 
iment, the engine 10 is warmed up with the heat produced in the fuel cell 60. This ensures the enhanced energy effi- 
ciency. In the structure of the ninth embodiment, the fuel cell 60 and the engine 10 have a common cooling system. The 

40 technique of the ninth embodiment may, however, be applied to the structure of the eighth embodiment having separate 
cooling systems in the case where the heat of the fuel cell 60 is not utilized for the warm-up. 

Ml. Modification of Ninth Embodiment 

45 [0614] Fig. 80 is a flowchart showing an engine warm-up control routine as one modification of the ninth embodi- 
ment. The flowchart of Fig. 80 shows only a different part from the processing of Fig. 78 executed in the ninth embodi- 
ment. 

[0615] In the engine warm-up control routine of the ninth embodiment, the warm-up of the engine 10 is performed 
when it is determined that there is a possibility of driving the engine 10 (step S2425 in the flowchart of Fig. 78). In the 

50 modified procedure, the possibility of driving the engine 10 is determined, based on the remaining quantity of the FC 
fuel shown in the map of Fig. 79. In the modified control routine of Fig. 80, instead of the decision at step S2425, the 
CPU determines whether or not the remaining quantity of the FC fuel is equal to or greater than the required quantity 
for the warm-up of the engine 10 at step S2426. When there is only an insufficient quantity of the FC fuel, the warm-up 
of the engine 10 can not be completed only by means of the operation of the fuel cell 60. The warm-up drive of the 

55 engine 10 is accordingly performed at step S2427. 

[0616] When ft is determined at step S2426 that there is a sufficient quantity of the FC fuel, on the other hand, the 
engine 10 is warmed up by means of the operation of the fuel cell 60. In this case, the CPU enhances the output of the 
fuel cell 60 at step S2431 , in order to ensure the quick completion of the warm-up of the engine 10. The output of the 
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fuel cell 60 is basically used to drive the motor 20. The excess electric power output from the fuel cell 60 is accumulated 
In the battery 50. Simultaneously with the processing of step S2431 , the Input clutch 18 disposed between the engine 
10 and the motor 20 is coupled at step S2432. Coupling the Input clutch 18 enables the engine 10 to be motored with 
the power of the motor 20. This generates the frictional heat between the piston and the cylinder in the engine 1 0, as 
5 well as the heat due to the compression of the air in the cylinder. Such heat contributes to the quick completion of the 
warm-up of the engine 10. 

[061 7] The modified engine warm-up control process discussed above enhances the output of the fuel cell 60 when 
there is a sufficient quantity of the FC fuel. This ensures the quick completion of the warm-up of the engine 10. This 
arrangement prevents gasoline from being consumed for the warm-up drive of the engine 1 0 and thereby improves the 

10 driving efficiency and the environmental properties of the hybrid vehicle. The electric power excessively output from the 
fuel cell 60 is accumulated in the battery 50 and used according to the requirements. This arrangement desirably pre- 
vents a significant decrease in working efficiency. In the modified control process of Fig. 80, the remaining quantity of 
the FC fuel is compared with the required quantity for the warm-up of the engine 10 at step S2426. The comparison of 
step S2426 may, however, be omitted, and the processing of steps S2431 and S432 may be earned out unconditionally. 

is In this case, the engine 1 0 is warmed up by means of the operation of the fuel cell 60 as far as the FC fuel remains. The 
process of coupling the input clutch 1 8 at step S2432 may also be omitted. 

N. Tenth Embodiment 

20 [061 8] A hybrid vehicle of a tenth embodiment fundamentally has a similar hardware structure to that of the hybrid 
vehicle of the eighth embodiment shown in Fig. 66. The difference from the eighth embodiment is a variety of optional 
drive modes. In the hybrid vehicle of the eighth embodiment, the drive mode is selectable among the three options, that 
is, the engine (EG) mode, the FC mode, and the auto mode, by means of the ope nation of the power source changeover 
switch 164. In the hybrid vehicle of the tenth embodiment, on the other hand, the drive mode is selectable among 

25 another set of three options, that is, an exclusive engine mode, an exclusive FC mode, and a combination mode. 

[0619] In the exclusive engine mode, the hybrid vehicle is driven only with the engine 10 as the working power 
source. In the exclusive FC mode, the hybrid vehicle runs using the motor 20, which is driven with the fuel cell 60. In the 
combination mode, the engine 1 0 and the motor 20 are selectively used as the working power source according to the 
driving conditions of the vehicle. 

30 [0620] In the hybrid vehicle of the eighth embodiment, the engine mode or the FC mode is selectively set to specify 
the working power source while the hybrid vehicle runs in the MG area. In the hybrid vehicle of the tenth embodiment, 
on the other hand, the exclusive engine mode or the exclusive FC mode is selectively set in the whole drive area of the 
hybrid vehicle. In the case of the selection of the exclusive engine mode, the motor 20 is not used to drive the vehicle 
even in the MG area. In the case of the selection of the exclusive FC mode, the working power source is not changed 

35 over to the engine 1 0 even out of the MG area. The output torque during a high-speed run in the exclusive FC mode is 
accordingly lower than that in the combination mode. The technique of the tenth embodiment allows a variation in drive 
feeling according to the drive mode. The driver intentionally selects a desired drive mode while understanding the pos- 
sible variation in drive feeling according to the drive mode. Such variation accordingly does not make the driver feel sig- 
nificantly uneasy during a drive of the hybrid vehicle. From this point of view, the displacement of the engine is set by 

40 giving a preference to the driving state of the hybrid vehicle at a high speed. The output torque in a low-speed area in 
the exclusive engine mode is accordingly set smaller than that in the exclusive FC mode. This arrangement does not 
require the engine 10 to have an unnecessarily high output torque and desirably reduces the size of the engine 1 0. 
[0621] The arrangement of the tenth embodiment is characterized by the control process that gives a preference to 
the fuel consumption and the environmental properties of the hybrid vehicle by selectively using the three drive modes. 

45 In the case of the selection of the exclusive FC mode, there is an extremely little possibility of using the engine 10. The 
warm-up of the engine 10 is thus forbidden as far as the fuel cell 60 is in the available state. This arrangement restricts 
the waste of gasoline used to warm up the engine 1 0 and thereby improves the fuel consumption and the environmental 
properties of the hybrid vehicle. The details of this control process are described below. 

[0622] Fig. 81 is a flowchart showing an EV drive control routine executed in the tenth embodiment. When the pro- 
50 gram enters the routine of Fig. 81 , the CPU first receives the inputs regarding the driving conditions of the vehicle at 
step S2510. Among the diversity of inputs, the pieces of information on the vehicle speed, the accelerator travel, the 
gearshift position, the remaining quantity GSL of gasoline, the remaining charge SOC of the battery 50, the remaining 
quantity FCL of the FCfuel for the fuel cell 60, the on -off state of the ignition switch, and the position of the power source 
changeover switch 164 are especially involved in the subsequent processing. 
55 [0623] The CPU then determines whether or not at least one of specific conditions to set only the engine 1 0 as the 
working power source is fulfilled at step S2520. The specific conditions are that the use of the fuel cell 60 is forbidden 
and that the exclusive engine mode is selected. The use of the fuel cell 60 is forbidden when the remaining quantity 
FCL of the FC fuel is less than a predetermined level Fth35. When at least one of the specific conditions is satisfied at 
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step S2520, the CPU selects the engine 1 0 as the working power source and warms up the engine 1 0 according to the 
requirements at step S2530. The predetermined level Fth35 is fixed to an arbitrary positive value In the same manner 
as the predetermined level Fth3l used in the EV drive control routine of the eighth embodiment shown in the flowchart 
of Rg. 69. 

s [0624] A diversity of techniques may be applied for the processing at step S2530. For example, the hybrid vehicle 
may be driven only by the engine 10, whether the warm-up of the engine 1 0 has already been completed or not. In this 
case, the separate warm-up process of the engine 10 is not required. Another technique uses the engine 10 as the 
working power source after the completion of the warm-up of the engine 10. In this arrangement, the hybrid vehicle is 
driven by temporarily using the motor 20 with the fuel cell 60, while the engine 10 is driven at idle for the warm-up. Still 

w another technique adopts the former procedure in the exclusive engine mode and the latter procedure in any other drive 
mode. Any one of these and other possible procedures is selectively set for the processing at step S2530. 
[0625] When none of the specific conditions is fulfilled at step S2520, it is determined that the fuel cell 60 is to be 
used for the drive of the hybrid vehicle. The CPU subsequently determines whether or not the drive mode currently 
selected is the exclusive FC mode at step S2540, and selects the working power source based on the decision of step 

15 S2540. In the case of the selection of the exclusive FC mode, the motor 20 is driven with the fuel cell 60 as the electric 
power supply to drive the hybrid vehicle at step S2550. In the exclusive FC mode, the engine 1 0 is not used as the work- 
ing power source as long as the fuel cell 60 is in the available state. The CPU accordingly forbids not only the drive but 
the warm-up of the engine 10 at step S2550. A concrete procedure of step S2550 turns off a flag, which represents 
allowance or prohibition of the operation of the engine 1 0. In response to the flag, a separate engine operation control 

20 routine actually stops the drive and the warm-up of the engine 10. 

[0626] One modified arrangement sets another decision point between steps S2540 and S2550 to determine 
whether or not the fuel cell 60 m a ffu notions or is anyway in the unavailable state. The processing of step S2550 is car- 
ried out only when the fuel cell 60 is in the available state. Otherwise the warm-up of the engine 1 0 is allowed. When 
the fuel cell 60 is in the unavailable state, the processing of step S2530 may be carried out to drive the vehicle with the 

25 engine 10 as the working power source. 

[0627] When the combination mode is the currently selected drive mode at step S2540, on the other hand, the 
engine 1 0 and the motor 20 are selectively used as the working power source according to the driving conditions of the 
vehicle at step S2560. In the combination mode, it is required to swiftly change over the working power source from the 
motor 20 to the engine 10 according to the driving conditions of the vehicle. The engine 10 is accordingly warmed up 

30 even in the MG area at step S2560, although the engine 1 0 is not used for the drive of the hybrid vehicle in the MG area. 
[0628] The hybrid vehicle of the tenth embodiment has the exclusive FC mode, in which the engine 1 0 is not used 
in principle. Prohibition of not only the drive but the warm-up of the engine 10 significantly improves the fuel consump- 
tion and the environmental properties of the hybrid vehicle. When the fuel cell 60 falls into the unavailable state, for 
example, due to the exhaustion of the FC fuel in the exclusive FC mode or when the driver changes the drive mode from 

35 the exclusive FC mode, this arrangement requires the warm-up of the engine 10 and has the poor response to set the 
engine 10 as the working power source. The driver, however, intentionally selects the drive mode while understanding 
such disadvantages. These disadvantages thus do not make the driver feel significantly uneasy during a drive of the 
hybrid vehicle. In the hybrid vehicle of the tenth embodiment, the proper power source is selectively used in the whole 
drive range of the vehicle through the operation of the power source changeover switch 1 64. The principle of the tenth 

40 embodiment that forbids the warm-up of the engine 10 according to the driving conditions of the vehicle may, however, 
be also applicable to the arrangement of selectively using the proper power source in the MG area as discussed in the 
eighth embodiment. This also improves the fuel consumption and the environmental properties of the hybrid vehicle. 

O. Eleventh Embodiment 

45 

[0629] A technique of controlling a variation in torque output from the engine 1 0 is described as an eleventh embod- 
iment of the present invention. The hybrid vehicle of the eleventh embodiment has the structure identical with that of the 
hybrid vehicle of the first embodiment shown in Fig. 1 . The following describes first the principle of the control to reduce 
a variation in torque output from the engine 1 0 and then the details of the control. 

so [0630] Fig. 82 shows the principle of the control to reduce a torque variation. In the example of Fig. 82, the variation 
in torque output from the engine 1 0 is compensated with the torque output from the motor 20 linked with the crankshaft 
12. The torque output from the engine 1 0 often pulsates in the vicinity of a target torque. Here the variation in torque 
represents a difference between the target torque to be output from the engine 1 0 and the torque actually output from 
the engine 1 0. The torque actually output from the engine 10 varies to be greater than the target torque in a certain 

55 period and to be smaller than the target torque in another period. Although the torque varies in a periodic manner in the 
example of Fig. 82, the torque variation may follow an irregular pattern. 

[0631] The motor 20 outputs a torque to compensate for the variation in torque output from the engine 10. This 
torque is hereinafter referred to as the damping torque. The damping torque compensates for the actual torque output 
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from the engine 10, so as to enable output of the target torque. The damping torque has a reversed phase to that of the 
torque variation and corresponds to a difference by subtracting the actual torque from the target torque of the engine 
1 0. In the structure where the motor 20 Is directly linked with the engine 10, the damping torque Is equal to the required 
torque of the motor 20. In the structure where the motor 20 is connected with the engine 10 via a transmission mecha- 
5 nism, a value determined by making the gear ratio of the transmission mechanism reflected on the damping torque is 
the required torque of the motor 20. 

[0632] In the period when the actual torque of the engine 1 0 is greater than the target torque, the damping torque 
has a negative value, and the motor 20 carries out the regenerative operation as shown by the hatched areas in Fig. 
82. In the period when the actual torque of the engine 1 0 is less than the target torque, on the other hand, the damping 

10 torque has a positive value, and the motor 20 carries out the power operation. 

[0833] The bottom drawing of Fig. B2 schematically illustrates a variation in charge-discharge quantity of the battery 
50 on the assumption that the electric power is transmitted between the motor 20 and the battery 50 in the torque - 
damping process. In the period of the negative damping torque, the motor 20 carries out the regenerative operation to 
charge the battery 50. It is impossible to regenerate the excess power output from the engine 1 0 in the form of electric 

15 power at an efficiency of 1 00%. The actual charging quantity is accordingly lower than the expected charging quantity 
and corresponds to a hatched area Ea. In the period of the positive damping torque, on the other hand, the motor 20 
carries out the power operation to consume the electric power accumulated in the battery 50. It is also impossible to 
convert the electric power of the battery 50 into the torque at an efficiency of 1 00%. The actual consumption of electric 
power is accordingly greater than the expected consumption of electric power and corresponds to a hatched area Eb. 

20 Since the charge -discharge efficiency of the battery 50 is less than 1 00%, the charging quantity of the battery 50 grad- 
ually decreases in the course of the damping control. The electric power consumed during the power operation of the 
motor 20 has the losses due to both the lowered charge efficiency and the lowered discharge efficiency of the battery 
50. This is accordingly not efficient 

[0634] The damping control of the eleventh embodiment changes the working electric power supply in the period 
25 of the regenerative operation of the motor 20 and in the period of the power operation of the motor 20, in order to pre- 
vent euch a decrease in charging quantity of the battery 50 and improve the efficiency in the damping control process. 
During the regenerative operation, the motor 20 is connected with the battery 50 to charge the battery 50. During the 
power operation, on the other hand, the motor 20 is connected with the fuel cell 60 to use the electric power output from 
the fuel cell 60. The working electric power supply is changed by regulating the changeover switch 84. The selective 
30 use of the electric power supply causes the battery 50 to be only charged in the damping control process. Execution of 
the damping control over a long time period may thus cause the battery 50 to be excessively charged. In order to avoid 
the excessive charging, the technique of the embodiment changes over the working electric power supply in the damp- 
ing control process according to the charging state of the battery 50. Such control follows a damping control process 
discussed below. 

35 

Ol. Damping Control Process 

[0635] Fig. 83 is a flowchart showing a damping control routine executed in the eleventh embodiment. Like the 
other control routines, the CPU in the control unit 70 repeatedly executes the damping control routine. When the pro- 

40 gram enters the routine of Fig. 83, the CPU first detects the current gearshift position and determines whether or not 
the current gearshift position is either the neutral position (N) or the parking position (P) at step S3800. When the cur- 
rent gearshift position is either the position N or the position P, the CPU stops the damping control at step S3810. The 
parking position is set while the hybrid vehicle is at a stop. In the parking position, the variation in torque output from 
the engine 1 0 accordingly does not affect the ride of the vehicle. The neutral position is also 6et in principle while the 

45 hybrid vehicle is at a stop. The variation in torque output from the engine 10 is not transmitted to the axle 1 7 in the neu- 
tral position. The torque variation accordingly does not affect the ride of the vehicle. 

[0636] When the current gearshift position is other than the position N or the position P at step S3800, it is deter- 
mined that the vehicle is being driven or temporarily stopped, for example, in response to a 'STOP* signal. In this case, 
the damping control to reduce the variation in torque output from the engine 10 is carried out only when both the con- 
so dition that the remaining quantity of the FC fuel is not less than a predetermined level (step S3802) and the condition 
that the engine 10 is being driven (step S3804) are fulfilled. 

[0637] When the observed remaining quantity of the FC fuel is not less than the predetermined level (step S3802), 
the fuel cell 60 can be used as the working electric power supply to enable the motor 20 to carry out the power operation 
in course of the damping control. When the observed remaining quantity of the FC fuel is less than the predetermined 
55 level, that is, when there is only an insufficient quantity of the FC fuel, on the other hand, the CPU enhances the idling 
speed of the engine 10 at step S3804 and stops the damping control at step S3810. The enhanced idling speed of the 
engine 10 effectively prevents the vehicle from being resonated due to a torque variation while the engine 10 is driven 
at idle. For this purpose, the processing of step S3804 enhances the target idling speed of the engine 10 to be out of a 
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resonant zone of the vehicle. 

[0638] The damping control is not required while the engine 1 0 is at a stop. The determination of whether or not the 
engine 10 is being driven (step S3806) is accordingly set as the condition for the damping control. When ths engine 10 
is not being driven, the CPU stops the damping control at step S381 0. The decisions of steps S3800, S3B02, and 

5 S3806 as the conditions for the damping control may be carried out in a different order from that of Fig. 63 or in parallel. 
[0639] When the results of these decisions determine that the damping control is to be carried out, the CPU selects 
the proper electric power supply in the damping control process according to the charging state of the battery 50. The 
CPU accordingly compares the observed remaining charge SOC of the battery 50 with a preset reference value Mi% 
at step S380B. The reference value Mi% is arbitrarily set to avoid the excess charging of the battery 50. 

10 [0640] In the case where the remaining charge SOC of the battery 50 is less than the preset reference value Mi% 
at step S3808, the CPU controls the drive of the motor 20 at step S381 2 In such a manner that the battery 50 is charged 
with electric power during the regenerative operation of the motor 20 and that the fuel cell 60 is used as the working 
electric power supply during the power operation of the motor 20. In the case where the remaining charge SOC of the 
battery 50 is not less than the preset reference value Mi% at step S3808, on the other hand, the CPU controls the drive 

15 of the motor 20 at step S381 4 in such a manner that the battery 50 is charged with the electric power during the regen- 
erative operation of the motor 20 and that the battery 50 is used as the working electric power supply during the power 
operation of the motor 20. This arrangement prevents the battery 50 from being excessively charged. It is desirable to 
set an appropriate hysteresis at the decision of step S3808, in order to prevent the working electric power supply from 
being frequently changed over between the battery 50 and the fuel cell 60. 

20 [0641] The drive of the motor 20 is controlled in the following manner. Fig. 84 is a flowchart showing a motor control 
routine executed in the damping control process. The CPU first subtracts the target torque of the engine 10 from the 
true torque actually output from the engine 1 0 to calculate a torque difference AT at step S3830. The CPU subsequently 
sets a target torque Tmt of the motor 20, so as to compensate for the calculated torque difference AT at step S3832. In 
the hybrid vehicle of the eleventh embodiment, the motor 20 is linked directly with the crankshaft 12. The target torque 

25 Tint is thus set equal to -AT. In the structure where the motor 20 is connected with the crankshaft 1 2 via a transmission, 
a value determined by making the gear ratio of the transmission reflected on -AT is set to the target torque Tmt. 
[0642] When the battery 50 is set as the electric power supply during both the regenerative operation and the power 
operation of the motor 20 at step S3814 in the damping control routine of Fig. 83, it is determined at step S3834 that 
there is no need to change over the working electric power supply. The changeover switch 84 is accordingly controlled 

30 to set the battery 50 as the working electric power supply at step S3838. When the different electric power supplies are 
set during the regenerative operation of the motor 20 and during the power operation of the motor 20 at step S3812 in 
the damping control routine of Fig. 83, on the contrary, the working electric power supply is selected according to the 
sign of the target torque Tmt of the motor 20 at step S3836. In the case where the target torque Tmt is greater than zero, 
the changeover switch 84 is controlled to set the fuel cell 60 as the working electric power supply at step S3840. In the 

35 case where the target torque Tmt is not greater than zero, on the other hand, the changeover switch 84 is controlled to 
set the battery 50 as the working electric power supply at step S3838. 

[0643] After setting the working electric power supply, the CPU drives the motor 20 to output the target torque Tmt 
at step S3842. The motor drive control process discussed previously with the flowchart of Fig. 13 is applied for the 
processing of step S3842. When the fuel cell 60 is used as the working electric power supply, the CPU also controls the 

40 working state of the fuel cell 60. The control procedure of this embodiment regulates a supply of gaseous fuel to enable 
the fuel cell 60 to generate a maximum possible electric power, irrespective of the actual requirement of electric power. 
The delayed supply of gaseous fuel to the fuel cell 60 does not allow the electric power to be output quickly in response 
to the requirement. The torque variation of the engine 10 occurs at a relatively high frequency. In order to attain the 
effective damping control, the fuel cell 60 is required to output electric power with a good response sufficiently corre- 

45 sponding to the torque variation. The control procedure of the embodiment supplies a sufficient quantity of gaseous fuel 
to the fuel cell 60 irrespective of the required electric power, and controls the switching in the driving circuit 52 to enable 
the power generation corresponding to the required electric power. This arrangement attains the power generation with 
a favorable response. In the case of the low requirement of electric power output from the fuel cell 60, the excess of the 
supplied gaseous fuel containing hydrogen is discharged from the fuel cell 60. It is desirable to provide a piping system 

so that recovers and circulates the discharged gaseous fuel in the fuel cell 60, in order to avoid the waste of the gaseous 
fuel. 

[0644] The hybrid vehicle of the eleventh embodiment discussed above controls the torque variation of the engine 
1 0 and thereby improves the ride of the vehicle. The working electric power supply is appropriately selected during the 
regenerative operation and the power operation of the motor 20. This arrangement desirably enhances the efficiency in 
55 the damping control process. As shown by the bottom drawing in Fig. 82, in the structure where the electric power of 
the battery 50 is used for the power operation of the motor 20, the motor 20 should carry out the power operation at a 
low energy efficiency. The technique of the eleventh embodiment, however, enables the fuel cell 60 to be used as the 
working electric power supply for the power operation of the motor 20. This improves the driving efficiency of the motor 
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20 during the power operation and thereby enhances the total energy efficiency in the damping control process. 
[0845] The technique of the eleventh embodiment changes over the working electric power supply during the power 
operation of the motor 20 according to the remaining charge SOC of the battery 50. This arrangement enables the 
damping control with a high efficiency, while preventing the battery 50 from being excessive ty charged. 

5 

02. Modification 

[0646] The technique of the eleventh embodiment carries out the damping control only with the torque of the motor 
20. The hybrid vehicle of the embodiment, however, has two motors that enable output of torque, that is, the motor 20 
10 and the auxiliary machinery driving motor 80. One possible modification of the damping control selectively uses these 
two motors in the course of the regenerative operation and the power operation. This is described below as a modifica- 
tion of the eleventh embodiment. 

[0647] Fig. 85 shows the principle of damping control in the modification of the eleventh embodiment As shown by 
the upper drawing, there is a variation in torque output from the engine 1 0. The real target torque of the engine 1 0 is a 

is value shown by the broken line. The technique of the modification sets a minimum torque output from the engine 1 0 to 
a tentative target torque. This causes a positive torque variation of the engine 10 above the tentative target torque. 
[0648] The technique of the modification compensates this torque variation with the torque output from the auxiliary 
machinery driving motor 80. The damping torque of the auxiliary machinery driving motor 80 is always negative as 
shown by the middle drawing of Fig. 85. Application of the damping torque in this manner causes the output torque of 

20 the crankshaft 12 to correspond only to the tentative target torque and not to reach the real target torque. The arrange- 
ment of the modification causes the motor 20 to carry out the power operation, so as to output an additional torque cor- 
responding to the insufficiency. The torque of the motor 20 is accordingly set to a fixed positive value as shown by the 
bottom drawing of Fig. 85. 

[0649] The damping control based on the above principle is carried out in the following manner Fig. 86 is a flow- 
25 chart showing a damping control routine executed in the modification of the eleventh embodiment In the same manner 
as the eleventh embodiment, the CPU in the control unit 70 repeatedly executes this damping control routine. When the 
program enters the routine of Fig. 86, the CPU first determines whether or not the damping control is to be carried out, 
based on the gearshift position, the remaining quantity of the FC fuel, and the driving state of the engine 1 0 at steps 
S3920, S3922, and S3926. The details of such decisions and the processing of steps S3924 and S3932 executed in 
30 the case of the non'execution of damping control are identical with those discussed in the eleventh embodiment with 
the flowchart of Fig. B3. 

[0650] The difference from the eleventh embodiment is the details of the processing executed in the case of the 
execution of damping control. The CPU sets a target torque of the auxiliary machinery driving motor 80 to allow the 
regenerative operation of the auxiliary machinery driving motor 80 in the whole range and compensate for the torque 

35 variation at step S3928. The concrete procedure of step S392B sets the tentative target torque equal to the minimum 
torque output from the engine 1 0 as discussed previously with Fig. 65, regards the difference between the actual torque 
output from the engine 1 0 and the tentative target torque as the torque difference AT, and sets the real target torque of 
the auxiliary machinery driving motor 80 in the same manner as the processing of steps S3830 and S3832 in the flow- 
chart of Fig. 84. The target torque set in this manner is always negative. The regulation of the auxiliary machinery driv- 

40 ing motor 80 accordingly causes the regenerative operation in the whole range. 

[0651] As discussed previously with Fig. 85, the continuous regenerative operation of the auxiliary machinery driv- 
ing motor 80 causes the torque output to the crankshaft 12 to be less than the real target torque. The CPU then carries 
out the control to cause the motor 20 to compensate for the insufficiency of the output torque. The technique of the mod- 
ification selects the working electric power supply for the power operation of the motor 20, based on the remaining 

45 charge SOC of the battery 50. The CPU compares the observed remaining charge SOC of the battery 50 with a preset 
reference value Mi2% at step S3930. The reference value Mi2% is set arbitrarily to avoid the excessive charging of the 
battery 50. When the remaining charge SOC of the battery 50 is less than the preset reference value Mi2%, that is, 
when there is no fear of excessively charging the battery 50, the motor 20 is driven with the fuel cell 60 as the working 
electric power supply at step S3936. When the remaining charge SOC is not less than the preset reference value Mi2%, 

so on the other hand, the motor 20 is driven with the battery 50 as the working electric power supply at step S3934, in order 
to prevent the battery 50 from being excessively charged. The motor 20 is controlled by setting the difference between 
the tentative target torque specified at step S3928 and the real target torque to be output from the engine 10 to the 
required torque of the motor 20. 

[0652] Like the technique of the eleventh embodiment, the technique of the modification selects the working electric 
55 power supply according to the sign of the damping torque. This also attains the efficient damping control. More specif- 
ically, the damping control of the modification selectively uses the combination of the electric power supply and the 
motor. The combination of the auxiliary machinery driving motor 80 with the battery 50 is used to output the negative 
damping torque. The combination of the motor 20 with the fuel ceil 60 is used, on the other hand, to output the positive 
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additional torque. Like the eleventh embodiment, this technique property selects the accumulator in which the excess 
power Is stored in the form of electric power when the power actually output from the engine 1 0 Is greater than the real 
target torque, and the supplier of electric power to compensate for the Insufficiency when the power actually output from 
the engine 10 is less than the reaJ target torque. Such selective use improves the driving efficiency in the process of 
5 applying the positive additional torque and thereby enhances the total working efficiency in the damping control proc- 
ess. 

[0653] The damping control process of the modification causes the auxiliary machinery driving motor 80 to com- 
pensate for the torque variation, while causing the motor 20 to supplement the insufficiency of the output torque. The 
total target torque of the auxiliary machinery driving motor 80 and the motor 20 is set arbitrarily to enable compensation 

10 for the torque variation of the engine 1 0, provided that the motor 80 outputs a negative torque and the motor 20 outputs 
a positive torque. In one example, the maximum torque output from the engine 10 may be set to the tentative target 
torque in the map of Fig. 85. In this case, the torque variation of the engine 10 is always below the tentative target 
torque, and the motor 20 is used for the compensation. This causes a torque greater than the real target torque to be 
output from the crankshaft 12. The auxiliary machinery driving motor 80 is then used to apply a loading torque and 

is thereby cancel the excess torque. Here the auxiliary machinery driving motor 80 outputs a substantially fixed loading 
torque. The damping control of the engine 10 may also be implemented in this manner. 

[0654] Like the damping control process of the eleventh embodiment, the difference between the actual torque and 
the real target torque may be set to the torque variation AT of the engine 10. In this case, the motor 20 is used for the 
compensation in the period of the negative torque variation AT, whereas the auxiliary machinery driving motor 80 is 

20 used for the compensation in the period of the positive torque variation AT. 

[0655] The techniques of the eleventh embodiment and its modification carry out the damping control by selectively 
using the battery 50 and the fuel cell 60 for the working electric power supply. The battery 50 may be replaced by any 
one of various accumulator means that are charged with electric power. For example, a capacitor may be used instead 
of the battery 50. The fuel cell 60 may be replaced by any one of various power generation means. For example, a gen- 

25 erator may be used instead of the fuel cell 60. In the case where the auxiliary machinery driving motor 80 is not applied 
for the damping control like the eleventh embodiment, the auxiliary machinery driving motor 80 may be used as the 
power generation means. In this case, it is desirable to regulate the amount of power generation, in order to prevent the 
power generation of the auxiliary machinery driving motor 80 from causing the torque variation of the engine 10. One 
exemplified process regulates the amount of power generation of the auxiliary machinery driving motor 80 to a substan- 

30 tially fixed value, regardless of the electric power required for the damping control. The electric power that is not used 
for the damping control may be accumulated in the battery 50 or consumed by a variety of power-driven equipment. 
[0656] The description of the eleventh embodiment and its modification are based on the hybrid vehicle having the 
hardware structure shown in Fig. 1. The technique of the damping control is, however, not restricted to this hardware 
structure but may be applicable to a diversity of vehicles having different hardware structures. For example, the tech- 

35 nique may be applied to the vehicle having the structure of Fig. 1 except the motor 20. In this case, the auxiliary machin- 
ery driving motor 80, in place of the motor 20, is used to attain the damping control discussed in the eleventh 
embodiment. The motor used for the damping control may not be the power source of the vehicle. The damping control 
technique of the present invention is applicable to any vehicle having the structure that enables addition of a torque to 
compensate for the torque variation in the power transmission pathway from the engine 10. 

40 

R Twelfth Embodiment 
P1 . Structure of System 

45 [0657] The following describes the structure of a hybrid vehicle in a twelfth embodiment according to the present 
invention. The hybrid vehicle of the twelfth embodiment has the identical structure with that of the hybrid vehicle of the 
first embodiment shown in Fig. 1, although the structure of a fuel supply mechanism is basically omitted from Fig. 1. 
The hybrid vehicle of the twelfth embodiment is characterized by the structure of a fuel inlet unit, through which supplies 
of gasoline and methanol used as the fuels are fed. Fig. 87 shows the hybrid vehicle and a fuel supply unit 95 for feeding 
. so supplies of gasoline and methanol to the vehicle in the twelfth embodiment. Fig. 88 shows the connecting structure of 
a fuel inlet unit 40 and fuel spouts. The fuel inlet unit 40 is provided at a predetermined position on the outer body sur- 
face of the hybrid vehicle as defined by an area F in Figs. 87 and 88. The fuel supply unit 95 for feeding supplies of 
gasoline and methanol to the vehicle has two hoses for gasoline and methanol. The respective ends of the hoses form 
a gasoline spout 90 and a methanol spout 92. 

55 [0658] Referring to Fig. 88, the fuel inlet unit 40 has a gasoline feed opening 42 and a methanol feed opening 44. 
The gasoline feed opening 42 is connected with a gasoline tank 35 (see Fig. 90) via a gasoline flow path arranged 
inside the vehicle. The methanol feed opening 44 is connected with the methanol reservoir 61 (see Figs. 2 and 90) via 
a methanol flow path arranged inside the vehicle. 
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[0659] A gasoline spout opening 91 of the gasoline spout 90 and the gasoline feed opening 42 are formed to have 
specific shapes that are connectable with each other. Both the gasoline spout opening 91 and the gasoline feed open- 
ing 42 have circular cross sections to perfectly mate with each other. In a similar manner, a methanol spout opening 93 
of the methanol spout 92 and the methanol feed opening 44 are formed to have specific shapes that perfectly mate with 
5 each other. The methanol spout opening 93 and the methanol feed opening 44 have ellipsoidal cross sections, different 
from the circular cross sections of the gasoline spout opening 91 and the gasoline feed opening 42. The difference in 
cross section effectively prevents the gasoline spout opening 91 from being mistakenly attached to the methanol feed 
opening 44 and the methanol spout opening 93 from being mistakenly attached to the gasoline feed opening 42. 
[0660] The fuel inlet unit 40 has a fuel lid 48 as a single cover member that covers over both the gasoline feed open- 
to ing 42 and the methanol feed opening 44. The fuel lid 48 is attached to the outer body surface via a hinge 45 to be freely 
opened and closed. The fuel lid 48 is in the open position in the illustration of Fig. 88. The vehicle body has a mating 
element 47 at a specific position that faces a click 49 formed on the fuel lid 48. Engagement of the click 49 with the mat- 
ing element 47 prevents the fuel lid 48 from being accidentally opened. 

[0661] An opener lever connected with the mating element 47 via a cable is provided in the vicinity of the driver's 
is seat in the vehicle. When the driver operates the opener lever, the engagement of the click 49 with the mating element 

47 is released to open the fuel lid 48. This mechanism is well known in the conventional vehicles. Another applicable 

mechanism does not use the cable but electrically opens the fuel lid 48. After the fuel lid 48 is opened, caps attached 

to the gasoline feed opening 42 and the methanol feed opening 44 are removed for the fuel supply. 

[0662] In the hybrid vehicle of the twelfth embodiment, the gasoline feed opening 42 and the methanol feed opening 
20 44 included in the fuel inlet unit 40 have different shapes. This arrangement enables the user to readily identify the right 

feed opening, in which a desired fuel is to be fed, and effectively prevents the user from mistakenly feeding gasoline or 

methanol to the wrong feed opening at the time of fuel supply. 

[0663] The gasoline feed opening 42 and the methanol feed opening 44 are not restricted to the above shapes but 
may have any other shapes as far as they are explicitly different from each other. Especially preferable is that each feed 

25 opening and the corresponding spout opening have specific shapes that allow only one-to-one connection. Namely 
each feed opening has a specific shape that can receive only the mating spout opening, through which the right fuel is 
fed. In some combinations of shapes, the spout opening may be inserted into the wrong feed opening that has a differ- 
ent shape from that of the spout opening. It is accordingly desirable that such combinations of shapes are not applied 
for each set of the feed opening and the spout opening. 

30 [0664] In the hybrid vehicle of the twelfth embodiment, the gasoline feed opening 42 connecting with the gasoline 
tank 35 and the methanol feed opening 44 connecting with the methanol reservoir 61 are formed in the fuel inlet unit 
40, which is covered by the single fuel lid 48. This arrangement favorably saves the labor in the process of feeding sup- 
plies of gasoline and methanol. The single fuel Lid 4B requires only one opener lever, so that this arrangement also sim- 
plifies the structure of the fuel supply mechanism. 

35 [0665] In the example of Fig. 67, the fuel inlet unit 40 is disposed in the area F, which is located in a rear side portion 
of the vehicle. The fuel inlet unit 40 may, however, be disposed at a different position. The position of the fuel inlet unit 
40 is determined appropriately by taking into account the positions of the gasoline tank 35 and the methanol reservoir 
61 and the convenience of fuel supply. The fuel suppty unit 95 shown in Fig. 87 supplies both gasoline and methanol. 
Separate gasoline supply unit and methanol supply unit may, however, be used in place of the fuel supply unit 95, pro- 

40 vided that the gasoline spout opening 91 and the methanol spout opening 93 have explicitly different shapes that are 
respectively one-to-one connectable with the corresponding feed openings formed in the vehicle. 
[0666] In the hybrid vehicle of the twelfth embodiment, the shape of the joint between the feed opening and the 
spout opening for gasoline is different from the shape of the joint between the feed opening and the spout opening for 
methanol. The cap attached to the gasoline feed opening 42 has a circular shape, whereas the cap attached to the 

45 methanol feed opening 44 has an ellipsoidal shape. In another example, a common shape may be applied for both the 
joint between the feed opening and the spout opening for gasoline and the joint between the feed opening and the spout 
opening for methanol. Such structure is shown in Fig. 89 and described below as a modified example of the twelfth 
embodiment. 

[0667] A fuel inlet unit 40 A shown in Fig. 89 has a gasoline feed opening 42 A and a methanol feed opening 44A. In 
so this modified example, the gasoline feed opening 42A and the methanol feed opening 44A have both circular joints but 
include inner apertures of different shapes. The gasoline feed opening 42 A has a circular aperture 42 B, whereas the 
methanol feed opening 44A has a rectangular aperture 44B. The circular joints of the gasoline feed opening 42A and 
the methanol feed opening 44A have identical spiral grooves. 

[0668] A fuel supply unit (not shown) has a gasoline spout 90A and a methanol spout 92A. One end of the gasoline 
55 spout 90A forms a gasoline spout opening 91 A, which has a circular cross section to mate with the circular aperture 
42B of the gasoline feed opening 42A. One end of the methanol spout 92A forms a methanol spout opening 93A, which 
has a rectangular cross section to mate with the rectangular aperture 44B of the methanol feed opening 44A. 
[0669] The gasoline spout 90A and the methanol spout 92A respectively have cylindrical fitting elements 191 and 
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193. The cylindrical fitting elements 191 and 193 have circular cross sections and mate with the spiral grooves formed 
on the gasoline feed opening 42A and the methanol feed opening 44A. For the supply of gasoline, the gasoline spout 
opening 91 A Is Inserted Into the aperture 42B of the gasoline feed opening 42A, while the circular fitting element 191 is 
set on the circular gasoline feed opening 42A. For the supply of methanol, the methanol spout opening 93A is inserted 
5 into the aperture 44B of the methanol feed opening 44A, white the circular fitting element 1 93 is set on the circular meth- 
anol feed opening 44A. 

[0670] The fuel inlet unit 40A has caps 43 and 46 for the gasoline feed opening 42A and the methanol feed opening 
44A. The caps 43 and 46 have identical threads that are screwed to the identical spiral grooves formed on the gasoline 
feed opening 42A and the methanol feed opening 44A. Namely the caps 43 and 46 are identical in shape. 
10 [0671 ] Like the fuel inlet unit 40 of the twelfth embodiment, the arrangement of the fuel inlet unit 40 A effectively pre- 
vents the spout opening from being mistakenly inserted into the wrong feed opening. In the arrangement of this modi- 
fied example, the caps 43 and 46 for the gasoline feed opening 42 A and the methanol feed opening 44A have an 
identical shape. 

[0672] In the fuel inlet unit 40 A, the circular aperture 42B of the gasoline feed opening 42 A and the rectangular 
is aperture 44B of the methanol feed opening 44A should be formed to allow insertion of only the mating spout openings 
and forbid insertion of the wrong spout openings. For example, the diameter of the circular cross section of the gasoline 
spout opening 91 A is made smaller than the circumcircle of the rectangular aperture 44B and greater than the inscribed 
circle thereof. 

[0673] The twelfth embodiment regards the structure of the fuel inlet unit having the gasoline feed opening and the 
20 methanol feed opening. The fuel inlet unit may further include a water feed opening that connects with the water reser- 
voir 62 to feed a supply of water used in the fuel cells stack 60 A (see Fig. 2). In this case, it is desirable that the water 
feed opening is formed to have a specific shape that is connectabie only with a waterspout opening and unconnectable 
with the non-mating spout openings, that is, the gasoline spout opening and the methanol spout opening. 

25 P2. Modification 

[0674] In one modified structure of the twelfth embodiment, the hybrid vehicle has fuel type sensors that are dis- 
posed in respective fuel flow paths to identify the type of fuel currently flowing therethrough, and controls the operations 
of the engine 10 and the other constituents based on the results of the identification. 
30 [0675] Fig. 90 illustrates the structure of the hybrid vehicle in the modification of the twelfth embodiment. The hybrid 
vehicle of the modification has a similar structure to that of the hybrid vehicle of the first embodiment shown in Fig. 1 . 
The hybrid vehicle of the modification has fuel types sensors 38 and 39 that are respectively disposed in a gasoline flow 
path 36 and a methanol flow path 37 to identify the type of fuel currently flowing therethrough. 

[0676] Fig. 91 shows the fuel type sensor 39 set in the methanol flow path 37. The methanol flow path 37 has a 
35 sub-pool 34, in which the supply of fuel stays, in the vicinity of the methanol feed opening 44. The fuel type sensor 39 
is located in the area of the sub-pool 34. 

[0677] The fuel type sensor 39 is a known gas sensor for inflammable gas, and includes, for example, an n-type 
oxide semiconductor, such as tin oxide, with a catalyst like palladium (Pr) or platinum (Pt) carried thereon. The gas sen- 
sor utilizes the characteristic of the oxide semiconductor that the electrical resistance thereof varies with a variation in 
40 concentration of the inflammable gas, and outputs a signal corresponding to the electrical resistance of the oxide sem- 
iconductor. 

[0678] When a new supply of fuel is fed through the methanol feed opening 44, part of the new supply of fuel stays 
in the sub-pool 34. When a predetermined quantity of fuel stays in the sub-pool 34, the fuel vaporized into the air around 
the sub-pool 34 has a certain range of concentration according to the environmental temperature. The concentration of 

45 the vaporized gasoline is naturally different from the concentration of the vaporized methanol. The difference in concen- 
tration is measured as the electrical resistance. This arrangement enables the user to identify the type of the supply of 
fuel and determine whether the right fuel, methanol in this case, is supplied. By appropriately selecting the composition 
of the oxide semiconductor and the catalyst carried thereon, the fuel type sensor 39 may have an enhanced selectivity 
to the target gas of interest and the improved accuracy of the identification. The fuel type sensor 38 disposed in the 

so gasoline flow path 36 is constructed in a similar manner. 

[0679] The hybrid vehicle may have an alarm mechanism, which gives an alarm display or an alarm sound to inform 
the user of the supply of wrong fuel, based on the detection results of these fuel type sensors 38 and 39. A display unit 
for the alarm display may be located in the vicinity of the fuel inlet unit 40 or the driver's seat. 

[0680] One preferred structure forbids the drive of the engine 10 or the fuel cell 60 in response to the detection of 
55 the supply of wrong fuel. This arrangement desirably prevents the potential troubles due to the drive of the engine 10 
or the fuel cell 60 with the wrong fuel. 

[0681] Fig. 92 is a flowchart showing a fuel type detection routine executed in the hybrid vehicle of the modification. 
The CPU in the control unit 70 periodically executes the fuel type detection routine at preset time intervals during a drive 
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of the vehicle. When the program enters the routine of Fig. 92, the CPU first receives the inputs regarding the driving 
conditions of the vehicle at step S4400. In addition to the inputs from the various sensors and switches shown in Fig. 7, 
signals from the fuel type sensors 38 and 39 are Input here. The signals from the fuel type sensors 38 and 39 are based 
on the pieces of information stored in the control unit 70 as the results of the detection at the time of latest fuel supply. 

5 These pieces of information stored in the control unit 70 are updated at every time of fuel supply. 

[0682] At subsequent step S441 0, the CPU determines whether or not the supply of fuel fed to the methanol reser- 
voir 61 is the right fuel, that is, methanol, based on the information input at step S4400. When it is determined at step 
S441 0 that the supply of fuel fed to the methanol reservoir 61 is the right fuel, the CPU subsequently determines at step 
S4420 whether or not the supply of fuel fed to the gasoline tank 35 is the right fuel, that is, gasoline, based on the infor- 

10 mation input at step S4400. When it is determined at step S4420 that the supply of fuel fed to the gasoline tank 35 is 
the right fuel, the CPU carries out the EV drive control process at step S4450 and exits from this routine. The EV drive 
control process carried out at step S4450 follows the flowchart of Fig. 69 discussed above as the eighth embodiment. 
The EV drive control process changes over the working power source between the engine 1 0 and the motor 20 accord- 
ing to the drive mode specified by the power source changeover switch 164. 

is [0683] When it is determined at step S4420 that the supply of fuel fed to the gasoline tank 35 is the wrong fuel, on 
the other hand, the CPU identifies the drive mode of the vehicle specified by the power source changeover switch 164 
at step S4430. In the case of the selection of either the FC mode or the AUTO mode at step S4430, the CPU determines 
whether or not there is a sufficient quantity of the FC fuel at step S4440. When it is determined at step S4440 that there 
is a sufficient quantity of the FC fuel, the CPU sets the EV drive in the whole range at step S4340 and exits from this 

20 routine. The processing of step S4340 causes the hybrid vehicle to always run by the EV drive, irrespective of the driv- 
ing conditions of the vehicle. 

[0684] In the flow of Fig. 92, when the AUTO mode is selected through the operation of the power source change- 
over switch 1 64 at step S4430, the hybrid vehicle runs by the EV drive in the whole range upon the condition that there 
is a sufficient quantity of the FC fuel. In this case, it is desirable to give a display that informs the driver of prohibition of 

25 the automatic changeover of the working power source, because of the supply of wrong fuel. Another applicable proce- 
dure does not allow the hybrid vehicle to immediately start running by the EV drive in the case of the selection of the 
AUTO mode, but simply gives an alarm display that informs the driver of the supply of wrong fuel to the gasoline tank 
35. When the driver selects the FC mode through another operation of the power source changeover switch 1 64, the 
hybrid vehicle starts running by the EV drive. 

30 [0685] When it is determined at step S4440 that there is only an insufficient quantity of the FC fuel, the CPU forbids 
both the EV drive and the engine drive at step S4460 and exits from this routine. The processing of step S4460 forbids 
the drive of the engine 1 0 and the drive of the fuel cell 60, based on the supply of wrong fuel to the gasoline tank 35 
and the insufficient quantity of the FC fuel. In a preferable arrangement, simultaneously with the prohibition of the drive 
of both the engine 10 and the fuel cell 60, an alarm display is given to inform the driver of the supply of wrong fuel to 

35 the gasoline tank 35 and the insufficient quantity of the FC fuel. In this case, if the battery 50 has a sufficient remaining 
charge, the hybrid vehicle may run by the EV drive with the electric power output from the battery 50. 
[0686] When the engine (EG) mode is selected through the operation of the power source changeover switch 1 64 
at step S4430, the CPU forbids the engine drive at step S4240 and exits from this routine. The processing of step S4240 
forbids the drive of the engine 10. In a preferable arrangement, simultaneously with the prohibition of the drive of the 

40 engine 10, an alarm display is given to inform the driver of the supply of wrong fuel to the gasoline tank 35. The driver 
then understands the reason of the unsuccessful engine drive irrespective of the selection of the engine mode. In this 
case, if there is a sufficient quantity of the FC fuel, the hybrid vehicle may run by the EV drive in response to the selec- 
tion of the FC mode through the operation of the power source changeover switch 164. 

[0687] When it is determined at step S441 0 that the supply of fuel fed to the methanol reservoir 61 is the wrong fuel, 
45 the CPU subsequently determines at step S4470 whether or not the supply of fuel fed to the gasoline tank 35 is the right 
fuel, that is, gasoline, based on the information input at step S4400. When it is determined at step S4470 that the supply 
of fuel fed to the gasoline tank 35 is the right fuel, the CPU identifies the drive mode of the vehicle specified by the power 
source changeover switch 1 64 at step S4480. 

[0688] In the case of the selection of the FC mode at step S4480, the CPU forbids the EV drive at step S4350 and 
so exits from this routine. The processing of step S4350 forbids the drive of the fuel cell 60. In a preferable arrangement, . 
simultaneously with the prohibition of the drive of the fuel cell 60, an alarm display is given to inform the driver of the 
supply of wrong fuel to the methanol reservoir 61 . The driver then understands the reason of the unsuccessful EG drive 
irrespective of the selection of the FC mode. In this case, if there is a sufficient quantity of gasoline, the hybrid vehicle 
may run by the engine drive in response to the selection of the EG mode through the operation of the power source 
55 changeover switch 164. 

[0669] In the case of the selection of either the engine (EG) mode or the AUTO mode at step S4480, the CPU deter- 
mines whether or not there is a sufficient quantity of gasoline at step S4490. When it is determined at step S4490 that 
there is a sufficient quantity of gasoline, the CPU sets the engine drive in the whole range at step S4280 and exits from 
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this routine. The processing of step S42B0 causes the hybrid vehicle to always run by the engine drive, irrespective of 
the driving conditions of the vehicle. 

[0690] In the flow of Fig. 92, when the AUTO mode is selected through the operation of the power source change- 
over switch 164 at step S4480, the hybrid vehicle runs by the engine drive in the whole range upon the condition that 

5 there is a sufficient quantity of gasoline. In this case, it is desirable to give a display that informs the driver of prohibition 
of the automatic changeover of the working power source, because of the supply of wrong fuel. Another applicable pro- 
cedure does not allow the hybrid vehicle to immediately start running by the engine drive in the case of the selection of 
the AUTO mode, but simply gives an alarm display that informs the driver of the supply of wrong fuel to the methanol 
reservoir 61. When the driver selects the EG mode through another operation of the power source changeover switch 

10 1 64, the hybrid vehicle starts running by the engine drive. 

[0691] When it is determined at step S4490 that there is only an insufficient quantity of gasoline, the CPU forbids 
both the EV drive and the engine drive at step S4460 and exits from this routine. In this case, the processing of step 
S4460 forbids the drive of the engine 1 0 and the drive of the fuel cell 60, based on the supply of wrong fuel to the meth- 
anol reservoir 61 and the insufficient quantity of gasoline. In a preferable arrangement, simultaneously with the prohibi- 

15 tion of the drive of both the engine 1 0 and the fuel cell 60, an alarm display is given to inform the driver of the supply of 
wrong fuel to the methanol reservoir 61 and the insufficient quantity of gasoline. In this case, if the battery 50 has a suf- 
ficient remaining charge, the hybrid vehicle may run by the EV drive with the electric power output from the battery 50. 
[0692] When it is determined at step S4470 that the supply of fuel fed to the gasoline tank 35 is also the wrong fuel, 
the CPU forbids both the EV drive and the engine drive at step S4460 and exits from this routine. In this case, the 

20 processing of step S4460 forbids the drive of the engine 10 and the drive of the fuel cell 60, based on the supply of 
wrong fuel to the methanol reservoir 61 and the supply of wrong fuel to the gasoline tank 35. In a preferable arrange- 
ment, simultaneously with the prohibition of the drive of both the engine 10 and the fuel cell 60, an alarm display is given 
to inform the driver of the supply of wrong fuel to the methanol reservoir 61 and the supply of wrong fuel to the gasoline 
tank 35. In this case, if the battery 50 has a sufficient remaining charge, the hybrid vehicle may run by the EV drive with 

25 the electric power output from the battery 50. 

[0693] In the hybrid vehicle of this arrangement, in the case of the supply of wrong fuel, the use of the correspond- 
ing energy output source, that is, the fuel cell 60 or the engine 10, is prohibited. This desirably prevents the potential 
troubles, due to the drive of the energy output source with the wrong fuel. As described in the twelfth embodiment, it is 
desirable that each feed opening of the hybrid vehicle is one-to-one connectable with the mating spout opening of the 

so fuel supply unit 95 and unconnectable with the wrong spout openings. The hybrid vehicle of this modified arrangement 
effectively prevents or reduces the potential troubles, due to the drive of the energy output source with the wrong fuel, 
even in the case of the supply of wrong fuel. 

[0694] When the supply of wrong fuel is fed to one fuel tank but another fuel tank keeps the right fuel, the energy 
output source receiving the supply of fuel from another fuel tank is used to drive the hybrid vehicle. The drive mode 
35 using the supply of right fuel to output the driving energy is automatically selected or manually specified by the driver, 
based on the alarm display that informs the driver of the supply of wrong fuel. The changeover of the working energy 
output source enables the hybrid vehicle to continue driving. 

[0695] In the hybrid vehicle of the modified arrangement, the fuel type sensors are disposed in both the gasoline 
flow path 36 and the methanol flow path 37. The fuel type sensor may, however, be disposed only one of these flow 
40 paths 36 and 37. This simplified arrangement identifies the type of fuel passing through the flow path with the fuel type 
sensor and determines whether or not the right fuel is supplied to the fuel tank connecting with the flow path. This exerts 
the limited but similar effects. 

[0696] The hybrid vehicle of the twelfth embodiment or its modification uses gasoline and methanol as the fuels for 
driving the vehicle and has the engine 1 0 and the fuel cell 60 as the energy output sources driven with these fuels. The 
45 technique of the twelfth embodiment or its modification may, however, be applicable to another combination of fuels or 
another combination of energy output sources. For example, another hydrocarbon or hydrocarbon compound, such as 
ethanol, gas oil, or ethane, may be used in place of methanol and reformed to generate a hydrogen-rich gas as the fuel 
of the fuel cell 60. 

[0697] . The twelfth embodiment regards the application of the structure of the fuel inlet unit having the plurality of 
so feed openings, which have different shapes and are one-to-one connectable with the mating spout openings of the fuel 
supply unit, to the hybrid vehicle with the engine 1 0 and the fuel cell 60. The plurality of fuels are supplied to the sepa- 
rate fuel tanks through the connection of the feed openings of the fuel inlet unit with the mating spout openings of the 
fuel supply unit. The modification of the twelfth embodiment regards the application of the structure with the fuel type 
sensors that identify the type of the fuel fed to the respective fuel tanks to the hybrid vehicle with the engine 1 0 and the 
55 fuel cell 60. These techniques may, however, be applicable to any other moving object using a plurality of different fuels 
and having a plurality of different energy output sources. 
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Q. Other Modifications 

* 

[0698] The above embodiments regard the hybrid vehicle with both the fuel cell 60 and the battery 50 as the avail- 
able electric power supplies. The techniques of the present invention are also applicable to the hybrid vehicle with only 
5 the fuel cell 60 as the electric power supply. In the hybrid vehicle of this structure, the respective parameters used for 
the various control processes discussed above should be set by taking into account the response delay of the fuel cell 
60. 

[0699] The hybrid vehicle may further include an additional element to compensate for the response delay of the 
fuel cell. For example, a capacitor may be used in place of the battery 50. The capacitor is used to transiently compen- 
10 sate for the poor response of the fuel ceil. A certain quantity of electric power output from the fuel cell or obtained by 
the regenerative operation of the motor is accumulated in advance into the capacitor. The capacitor outputs the electric 
power accumulated therein to compensate for the insufficiency of electric power. This structure effectively reduces an 
extreme variation in electric power even without the battery 50. 

[0700] The above embodiments regard the hybrid vehicle with both the motor and the engine. The techniques of 
75 the present invention may, however, be applicable to other vehicles, for example, the electric vehicles with only the 
motor as the available power source, and a variety of other moving objects having a plurality of power sources or a plu- 
rality of electric power supplies. 

[0701] The hybrid vehicle may have a diesel engine or another power source, in place of the gasoline engine 10. 
An induction motor, another a.c. motor, or a d.c. motor, in place of the three-phase synchronous motor, may be used for 

20 the motor 20 and the auxiliary machinery driving motor 60. 

[0702] The present invention is not restricted to the above embodiments or their modifications, but there may be 
many other modifications, changes, and alterations without departing from the scope or spirit of the main characteristics 
of the present invention. For example, in the above embodiments and their modifications, the CPU executes the various 
control processes according to the software programs. The similar controls may, however, be implemented by the hard- 

25 ware structure. 

[0703] The scope and spirit of the present invention are limited only by the terms of the appended claims. 
Claims 

30 1 . A moving object having at least two energy output sources including a fuel cell, said moving object comprising: 

a detector that measuresat least either one of an output sustaining ability and a variation thereof with regard 
to at least one of said at least two energy output sources; and 

an output controller that controls an output state of energy from each of said at least two energy output 
35 sources, based on a result of the measurement by said detector, so as to ensure output of a required total 

energy. 

2. A moving object in accordance with claim 1 , said moving object being constructed as a vehicle having said at least 
two energy output sources including said fuel cell. 

40 

3. A moving object in accordance with claim 1 , wherein said detector measures at least either one of the output sus- 
taining ability of said fuel cell and the variation thereof, based on a remaining quantity of a fuel for said fuel cell. 

4. A moving object in accordance with claim 1 , wherein said detector measures at least either one of the output sus- 
45 taining ability of said fuel cell and the variation thereof, based on a loading state of said fuel cell. 

5. A moving object in accordance with claim 1 , wherein said at least two energy output sources include said fuel cell 
and a heat engine. 

so 6. A moving object in accordance with claim 5, wherein said detector measures at least either one of the output sus- 
taining ability of said heat engine and the variation thereof, 

an overall driving range of the moving object includes a first driving range where the heat engine is used as a 
working energy output source and a second driving range where the heat engine is not used as the working 
55 energy output source.and 

said output controller selects said fuel cell to be used in place of said heat engine as the working energy output 
source even in the first driving range when the observed output sustaining ability of said heat engine is lower 
than a predetermined level. 
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7. A moving object in accordance with claim 1 , said moving object further comprising: 
a drive shaft that outputs mechanical power to move said moving object; and 

a mechanical energy output mechanism that converts energy output from each of said at least two energy out- 
5 put sources into mechanical energy and outputs the converted mechanical energy to said drive shaft, 

wherein the required total energy is expressed as a quantity of mechanical energy output from said drive shaft 
per unit time. 

6. A moving object in accordance with claim 7, wherein said moving object has a specific driving range where a pre- 
10 determined energy output source is selected out of said at least two energy output sources to be mainly used to 

output the required total energy, and 

said output controller narrows the specific driving range as the output sustaining ability of said selected energy 
output source decreases. 

A moving object in accordance with claim 7, wherein said output controller reduces a torque, which is to be output 
by utilizing a predetermined energy output source selected out of said at least two energy output sources, with a 
decrease in the output sustaining ability of said selected energy output source. 

20 10. A moving object in accordance with claim 7, wherein said at least two energy output sources include a heat engine, 
said fuel cell, and a secondary battery, 

said mechanical energy output mechanism includes at least a motor that is rotatable with electric power output 
from said fuel cell and said secondary battery, 
25 a droiving range of said moving object includes a specific driving range only in which said motor is to operate, 

and 

said output controller varies at least either one of said specific driving range of said motor and an output torque 
of said motor, based on the output sustaining ability of said fuel cell. 

30 11. A moving object in accordance with claim 1 , said moving object further comprising; 

an accumulator that is charged with electric power and is discharged to release electric power; and 
an electrical energy output mechanism that converts energy output from each of said at least two energy out- 
put sources into electrical energy, which is supplied to charge said accumulator, 
35 wherein the required total energy is expressed as a quantity of electrical energy required to increase a charge 

level of said accumulator to a predetermined degree. 

12. A moving object in accordance with claim 11, wherein said output controller lowers the predetermined degree, 
which is set as a target charge level of said accumulator, with a decrease in output sustaining ability of a specific 

40 energy output source that mainly outputs electric power to charge said accumulator. 

13. A moving object in accordance with claim 1 1 , wherein said output controller reduces a ratio of an output of a spe- 
cific energy output source, which mainly outputs electric power to charge said accumulator, to the total energy with 
a decrease in output sustaining ability of said specific energy output source. 

45 

14. A moving object in accordance with claim 13, wherein said output controller heightens the predetermined degree, 
which is set as a target charge level of said accumulator, with a decrease in output sustaining ability of a specific 
energy output source that mainly outputs electric power to charge said accumulator. 

so 15. A moving object in accordance with claim 1 , wherein said detector measures the variation in the output sustaining 
ability with regard to at least one of said at least two energy output sources, and 

said output controller varies an output of said at least one energy output source, which is observed by the 
detector to measure the variation in the output sustaining ability, at a rate corresponding to the observed vari- 
55 ation. 

16. A moving object in accordance with claim 1 , wherein said output controller changes a working energy output source 
according to a driving state of said moving object, so as to output the total energy, 



15 

9. 
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said output controller forbidding a change of the working energy output source to a specific energy output 
source that is determined to have an output sustaining ability of not greater than a preset level. 

17. A moving object in accordance with claim 1 , wherein said output controller changes a working energy output source 
5 according to a driving state of said moving object, so as to output the total energy, 

said output controller performing a change of the working energy output source from a specific energy output 
source, which is determined to have an output sustaining ability of not greater than a preset level, to another 
energy output source even if the driving state of said moving object recommends a selection of said specific 
io energy output source as the working energy output source. 

18. A moving object in accordance with claim 1 7, wherein each of said at least two energy output sources has a mech- 
anism that outputs rotational power to a drive shaft of said moving object, and 

15 said output controller performs the change of the working energy output source from said specific energy out- 

put source to said another energy output source in a specific driving state of said moving object, where a. dif- 
ference between torques said specific energy output sources can ouput is within a preset range. 

19. A moving object in accordance with claim 1 , said moving object further comprising: 

20 

a driving state input unit that inputs a predetermined parameter representing a driving state of said moving 
object, 

wherein said output controller varies a reference value, which is used to control the output state of energy from 
each of said at least two energy output sources based on the result of the measurement, with a variation of the 
25 predetermined parameter. 

20. A driving apparatus comprising at least two energy output sources including a fuel cell, said driving apparatus com- 
prising: 

so an estimation unit that estimates at least either one of a remaining power and a variation thereof with regard to 

at least one of said at least two energy output sources; and 

an output distribution controller that regulates a distribution of total energy to be output from said at least two 
energy output sources among said at least two energy output sources, based on a result of the estimation by 
said estimation unit. 

35 

21. A driving apparatus in accordance with claim 20, wherein said estimation unit estimates at least either one of the 
remaining power and the variation thereof with regard to said fuel cell, based on either one of a remaining quantity 
of a fuel for said fuel cell and a remaining quantity of a raw material used to produce the fuel for said fuel cell. 

40 22. A driving apparatus in accordance with claim 20, wherein said output distribution controller regulates the distribu- 
tion while allowing at least one energy output source other than said fuel cell to have a negative output energy. 

23. A driving apparatus in accordance with claim 20, wherein said output distribution controller changes a working 
energy output source according to a driving state of said driving apparatus, so as to output the total energy, 

45 

said output distribution controller forbid ding a change of the working energy output source to a specific energy 
output source that is determined to have a remaining power of not greater than a preset level. 

24. A driving apparatus in accordance with claim 20, wherein said output distribution controller changes a working 
so energy output source according to a driving state of said driving apparatus, so as to output the total energy, 

said output distribution controller performing a change of the working energy output source from a specific 
energy output source, which is determined to have a remaining power of not greater than a preset level, to 
another energy output source even if the driving state of said moving object recommends a selection of said 
55 specific energy output source as the working energy output source. 

25. A driving apparatus in accordance with claim 24, wherein said output distribution controller performs a change of 
the working energy output source from said specific energy output source to said another energy output source in 
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a specific driving state of said driving apparatus, where a total torque output from both said specific energy output 
source and said another energy output source to said drive shaft of said driving apparatus is within a preset range. 

26. A driving apparatus in accordance with claim 20, said driving apparatus further comprising: 

5 

a driving state input unit that inputs a predetermined parameter representing a driving state of said driving 
apparatus, 

wherein said output distribution controller varies a reference value, which is used to regulate the distribution of 
the totaJ energy to be output from said at least two energy output sources among said at least two energy out- 
10 put sources based on the result of the estimation by said estimation unit, with a variation of the predetermined 

parameter. 

27. A method of controlling a drive of a moving object that comprises at least two energy output sources including a 
fuel cell, said method comprising the steps of: 

15 

(a) measuring at least either one of an output sustaining ability and a variation thereof with regard to at least 
one of said at least two energy output sources; 

(b) setting a total energy to be output from said at least two energy output sources; and 

(c) regulating energy to be output from each of said at least two energy output sources based on a result of the 
20 measurement in said step (a) and controlling said each energy output source, so as to output the total energy 

set in said step (b). 

28. A moving object having a motor and a heat engine as power sources, said moving object comprising: 

25 a fuel cell and a secondary battery as electric power supplies of said motor; 

a regulation unit that regulates supplies of electric power fed from said fuel ceil and said secondary battery to 
said motor; and 

a control unit that controls operations of said electric power supplies and said power sources according to a 
driving state of said moving object. 

30 

29. A moving object in accordance with claim 28, said moving object further comprising: 

a remaining charge measurement unit that measures a remaining charge of said secondary battery, 
wherein said control unit drives said motor with said secondary battery as a working electric power supply in 
35 the case where the observed remaining charge is not less than a predetermined level, while said moving object 

is in a specific driving state that has been set in advance to select said motor as a working power source. 

30. A moving object in accordance with claim 29, wherein said control unit drives said motor with said fuel cell as the 
working electric power supply in the case where the observed remaining charge is less than the predetermined 

40 level. 

31. A moving object in accordance with claim 30, wherein said control unit causes an insufficiency of electric power to 
be compensated with electric power output from said secondary battery in a transient period before said fuel cell 
ensures a sufficient supply of electric power required to drive said motor, while said fuel cell is selected as a work- 

45 ing electric power supply, and 

the predetermined level is a certain remaining quantity set based on a quantity of electric power that enables 
the compensation. 

so 32. A moving object in accordance with claim 28, said moving object further comprising: 

a high torque condition decision unit that determines whether or not said moving object is in a specific driving 
state that satisfies a preset condition for requiring a high torque, 

wherein said control unit drives both said heat engine and said motor as working power sources when it is 
55 determined that said moving object is in the specific driving state that satisfies the preset condition for requiring 

a high torque. 

33. A moving object in accordance with claim 32, said moving object further comprising: 
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an accelerator travel measurement unit that measures an accelerator travel, 

wherein the preset condition Is that a variation In accelerator travel Is not less than a predetermined value. 

34. A moving object in accordance with claim 32, said moving object further comprising: 

5 

a required torque input unit that inputs a required torque, 

wherein the preset condition is that the required torque is not less than a predetermined value. 

35. A moving object in accordance with claim 32, said moving object further comprising: 

10 

a drive mode switch that allows a driver of said moving object to select a specific drive mode for requiring a 
high torque, 

wherein said high torque condition decision unit carries out the determination, based on an operating condition 
of said drive mode switch. 

15 

36. A moving object in accordance with claim 32, said moving object further comprising: 

a remaining charge measurement unit that measures a remaining charge of said secondary battery, 
wherein said control unit drives said motor with said secondary battery as a working electric power supply in 
20 the case where the observed remaining change is not less than a predetermined level. 

37. A moving object in accordance with claim 36, wherein said control unit drives said motor with said fuel cell as the 
working electric power supply in the case where the observed remaining charge is less than the predetermined 
level. 

25 

38. A moving object in accordance with claim 28, said moving object further comprising: 

a second motor that is driven with said fuel cell and said secondary battery as the electric power supplies; 
a regulation unit that regulates supplies of electric power respectively fed from said fuel cell and said second- 
30 any battery to said second motor; and 

auxiliary machinery that is linked with said heat engine and said second motor, 
wherein said control unit drives 6 aid second motor while said heat engine is at a stop. 

39. A moving object in accordance with claim 38, said moving object further comprising: 

35 

a remaining charge measurement unit that measures a remaining charge of said secondary battery, 
wherein said control unit drives said second motor with said secondary battery as a working electric power 
supply in the case where the observed remaining charge is not less than a predetermined level. 

40 40. A moving object in accordance with claim 39, wherein said control unit drives said second motor with said fuel cell 
as the working electric power supply in the case where the observed remaining charge is less than the predeter- 
mined level. 

41. A moving object in accordance with claim 28, wherein said motor and said heat engine are respectively linked with 
45 different drive shafts. 

42. A moving object in accordance with claim 41 , said moving object further comprising: 

a remaining charge measurement unit that measures a remaining charge of said secondary battery, 
so wherein said control unit drives said motor with said secondary battery as a working electric power supply in 

the case where the observed remaining charge is not less than a predetermined level. 

43. A moving object in accordance with claim 42, wherein said control unit drives said motor with said fuel cell as the 
working electric power supply in the case where the observed remaining charge is less than the predetermined 

55 level. 

44. A moving object in accordance with claim 28, wherein said control unit activates said fuel cell, so as to cause said 
fuel cell to output a preset electric power, even when it is not required to supply electric power from said fuel cell to 
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45. A moving object in accordance with claim 44, said moving object further comprising: 

5 a power estimation decision unit that determines whether or not said moving object is in a specific driving state 

that satisfies a preset condition, in which there is a little possibility of requirement of an increase in total power 
to be output from said power sources, 

wherein said control unit reduces the preset electric power when it is determined that said moving object is in 
the specific driving state that satisfies the preset condition. 

10 

46. A moving object in accordance with claim 45, said moving object further comprising: 

a transmission that changes speed of power output from a working power source according to the driving state 
of said moving object and outputs the converted power to a drive shaft; and 
is an operation unit that specifies a working condition of said transmission, 

wherein the preset condition is that the working condition of said transmission is set to a non-driving state by 
said operation unit. 

47. A moving object in accordance with claim 45, said moving object further comprising: 

20 

a braking decision unit that determines whether or not said moving object is in the course of braking, 
wherein the preset condition is that said moving object is being braked. 

4B. A moving object in accordance with claim 45, said moving object further comprising: 

25 

an information receiving unit that receives information regarding whether or not a pathway, on which said mov- 
ing object runs, is in a jam, 

wherein the preset condition is that the pathway is in a jam. 

30 49. A moving object having a motor and a heat engine as power sources to output power to a drive shaft, said moving 
object comprising: 

a transmission that varies a change gear ratio in the process of transmitting power output from at least said 
heat engine to said drive shaft; 
35 a fuel cell that feeds a supply of electric power to said motor; and 

a control unit that controls operations of said fuel cell, said power sources, and said transmission according to 
a driving state of said moving object. 

50. A moving object in accordance with claim 49, said moving object further comprising: 

40 

a high torque condition decision unit that determines whether or not said moving object is in a specific driving 
state that satisfies a preset condition for requiring a high torque, 

wherein said control unit drives both said heat engine and said motor as working power sources when it is 
determined that said moving object is in the specific driving state that satisfies the preset condition for requiring 
45 a high torque. 

51. A moving object in accordance with claim 49, said moving object further comprising: 

a drive mode switch that allows a driver of said moving object to select a specific drive mode for requiring a 
50 high torque, 

wherein said control unit drives both said heat engine and said motor as working power sources when said 
drive mode switch is in a predetermined state. 

52. A moving object in accordance with claim 49, wherein said control unit activates said fuel cell, so as to cause said 
55 fuel cell to output a preset electric power, even when it is not required to supply electric power from said fuel cell to 

said motor. 

53. A moving object in accordance with claim 52, said moving object further comprising: 
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a power estimation decision unit that determines whether or not said moving object is in a specific driving state 
that satisfies a preset condition, in which there is a little possibility of requirement of an increase in total power 
to be output from said power sources, 

wherein said control unit reduces the preset electric power when it is determined that said moving object is in 
5 the specific driving state that satisfies the preset condition. 

54. A moving object in accordance with claim 53, said moving object further comprising: 

an operation unit that specifies a working condition of said transmission, 
10 wherein the preset condition is that the working condition of said transmission is set to a non-driving state by 

said operation unit. 

55. A moving object in accordance with claim 53, said moving object further comprising: 

15 a braking decision unit that determines whether or not said moving object is in the course of braking, and 

wherein the preset condition is that said moving object is being braked. 

56. A moving object in accordance with claim 53, said moving object further comprising: 

20 an information receiving unit that receives information regarding whether or not a pathway, on which said mov- 

ing object runs, is in a jam, 

wherein the preset condition is that the pathway is in a jam. 

57. A moving object in accordance with claim 28, said moving object further comprising: 

25 

a generator that is used as another electric power supply of said motor and converts power output from said 
heat engine to electric power, 
wherein said control unit comprises: 

a driving state decision unit that determines whether or not said moving object is in a specific driving state that 

30 requires said fuel cell to start power generation; and 

an electric power compensation unit that causes said electric power supplies other than said fuel cell to com- 
pensate for said fuel cell and output a required electric power in a period before said fuel ceil is ready for power 
generation, when it is determined that the driving state of said moving object requires said fuel cell to start 
power generation, 

35 said electric power compensation unit comprising: 

an electric power estimation unit that estimates an amount of electric power to be compensated in the period 
before said fuel cell is ready for power generation; 

a remaining charge measurement unit that measures a remaining charge of said secondary battery; 
a secondary battery capacity determination unit that determines whether or not said secondary battery has a 
40 sufficient capacity of enabling output of the estimated amount of electric power, based on the observed remain- 

ing charge; and 

a heat engine control unit that drives said heat engine and causes said generator to carry out power generation 
when it is determined that said secondary battery does not have the sufficient capacity of enabling output of 
the estimated amount of electric power. 

45 

58. A moving object in accordance with claim 57, wherein said heat engine is a power source that outputs power only 
to drive said generator. 

59. A moving object in accordance with claim 57, said moving object comprising: 

50 

a temperature measurement unit that measures temperature of said fuel cell; and 

a cold-time control unit that causes said electric power compensation unit to function effectively at a cold time, 
when the observed temperature of said fuel cell is not higher than a predetermined value. 

55 60. A moving object in accordance with claim 57, wherein said heat engine control unit drives said heat engine in a spe- 
cific driving state, which gives a preference to a driving efficiency, as long as an insufficiency of electric power out- 
put from said secondary battery is at least compensated. 
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61. A method of controlling a drive of a moving object, said moving object having a heat engine and a motor as power 
sources and a fuel cell and a secondary battery as electric power supplies of said motor, said method comprising 
the steps of: 

s (a) measuring a remaining charge of said secondary battery; 

(b) determining whether or not said moving object is in a specific driving state that has been set in advance to 
select said motor as a working power source; and 

(c) driving said motor with said secondary battery as a working electric power supply in the case where the 
observed remaining charge is not less than a predetermined level, when it is determined that said moving 

10 object is in the specific driving state. 

62. A method in accordance with claim 61, said method further comprising the step of: 

(d) driving said motor with said fuel cell as the working electric power supply in the case where the observed 
is remaining charge is less than the predetermined level, when it is determined that said moving object is in the 

specific driving state. 

63. In a moving object having a fuel cell, a secondary battery, and a heat engine with a generator as electric power sup- 
plies, a method of controlling operations of said respective electric power supplies, said method comprising the 

20 steps of: 

(A) determining whether or not said moving object is in a specific driving state that requires said fuel to start 
power generation; and 

(B) causing said electric power supplies other than said fuel cell to compensate for said fuel cell and output a 
25 required electric power in a period before said fuel cell is ready for power generation, when it is determined that 

the driving state of said moving object requires said fuel cell to start power generation, 
said step (6) comprising the steps of: 

(B1) estimating an amount Df electric power to be compensated in the period before said fuel cell is ready for 
powe r ge n e rati o n; 

30 (B2) measuring a remaining charge of said secondary battery; 

(B3) determining whether or not said secondary battery has a sufficient capacity of enabling output of the esti- 
mated amount of electric power, based on the observed remaining charge; and 

(B4) driving said heat engine and causing said generator to carry out power generation when it is determined 
that said secondary battery does not have the sufficient capacity of enabling output of the estimated amount 
35 of electric power. 

64. A hybrid system comprising a plurality of energy output sources, which include at least a fuel cell and a heat engine, 
and an energy transmission unit that causes energy of said energy output sources to be output to outside in a usa- 
ble form, said hybrid system further comprising: 

40 

a required energy setting unit that sets a total required energy to be output; 

a target driving state setting unit that sets respective target driving states of said fuel cell, said heat engine, and 
said energy transmission unit, while said fuel cell is preferentially used to output the total required energy; 
a decision unit that determines whether or not a preset condition regarding a working state of said hybrid sys- 
45 tern is fulfilled; 

a state change unit that, when it is determined that the preset condition is fulfilled, changes the target driving 
state of at least one of said fuel cell, said heat engine, and said energy transmission unit to a predetermined 
state according to the preset condition; and 

a drive control unit that controls said plurality of energy output sources including at least said fuel cell and said 
so heat engine as well as said energy transmission unit to meet the respective target driving states. 

65. A hybrid system in accordance with claim 64, said hybrid system further comprising: 

a drive mode switch that is operated by a driver to specify a desired drive mode, 
55 wherein the preset condition, whose fulfillment is determined by said decision unit, is an operating state of said 

drive mode switch. 

66. A hybrid system in accordance with claim 65, wherein the energy is electrical energy, 
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the preset condition is that a predetermined drive mode, which allows output of electrical energy to outside, is 
specified through an operation of said drive mode switch, and 

the change carried out by said state change unit represents prohibition of a drive of said heat engine. 
5 67. A hybrid system in accordance with d aim 66, said hybrid system further comprising: 
a starter switch that is operated by the driver to direct a start of said heat engine, 

wherein the preset condition is that the start of said heat engine is directed through an operation of said starter 
switch, while the predetermined drive mode is specified, and 
10 the change carried out by said state change unit represents the start of said heat engine. 

68. A hybrid system in accordance with claim 65, wherein the energy is mechanical energy, 

the preset condition is that a predetermined drive mode, in which either one of said fuel cell and said heat 
15 engine is selected and used as a working energy output source, is specified through an operation of said drive 

mode switch, and 

the change carried out by said state change unit represents execution of a drive of the working energy output 
source and prohibition of a drive of the other energy output source, which is other than the working energy out- 
put source. 

20 

69. A hybrid system in accordance with claim 68, said hybrid system further comprising: 

a starter switch that is operated by the driver to direct a start of the other energy output source, 
wherein the preset condition is that the start of the other energy output source is directed through an operation 
25 of said starter switch, while the predetermined drive mode is specified, and 

the change earned out by said state change unit represents the start of the other energy output source. 

70. A hybrid system in accordance with claim 65, wherein the energy is mechanical energy, 

30 the preset condition is that a predetermined drive mode, in which only said fuel cell is selected and used as a 

working energy output source, is specified through an operation of said drive mode switch, and 
the change carried out by said state change unit represents execution of a drive of said fuel cell and prohibition 
of warm-up of said heat engine. 

35 71. A hybrid system in accordance with claim 64, said hybrid system further comprising: 

a detector that detects a power generation capacity of said fuel cell, 

wherein the preset condition is that the power generation capacity is lowered to or below a predetermined level, 
and 

40 the change carried out by said state change unit represents a reduction of output of said fuel cell. 

72. A hybrid system in accordance with claim 71 , wherein said detector detects the power generation capacity, based 
on a remaining quantity of a fuel for said fuel cell. 

45 73. A hybrid system in accordance with claim 71 , wherein said detector detects the power generation capacity, based 
on temperature of said fuel cell. 

74. A hybrid system in accordance with claim 71 , wherein the change earned out by said state change unit represents 
an increase in output of said heat engine. 

50 

75. A hybrid system in accordance with claim 71 , wherein the energy is rotational energy of a rotating shaft, 

said energy transmission unit comprises a speed change gear unit that switches a change gear ratio between 
at least two different stages, said speed change gear unit changing speed of the rotational energy output from 
55 each of said energy output sources at a preset change gear ratio and outputting the converted rotational 

energy, and 

the change carried out by said state change unit represents an increase in change gear ratio set in said speed 
change gear unit. 
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76. A hybrid system in accordance with claim 64, said hybrid system further comprising: 

a temperature measurement unit that measures temperature of said heat engine, 

wherein the preset condition is that the observed temperature of said heat engine is not higher than a prede- 
s termined level, and 

the change carried out by said state change unit represents execution of warm-up of said heat engine. 

77. A hybrid system in accordance with claim 64, said hybrid system further comprising: 

io a temperature measurement unit that measures temperature of said heat engine; and 

a heat supply unit that feeds at least part of thermal energy generated by said fuel cell to said heat engine, 
wherein the preset condition is that the observed temperature of said heat engine is not higher than a prede- 
termined level, and 

the change carried out by said state change unit represents an increase in output of said fuel cell. 

15 

78. A hybrid system comprising a plurality of energy output sources, which include at least a fuel cell and a heat engine, 
and an energy transmission unit that causes energy of said energy output sources to be output to outside in a usa- 
ble form, said hybrid system further comprising: 

20 an energy output source selection switch that is operated by a driver of said hybrid system to select at least 

one of said energy output sources as a working energy output source; 

a target driving state setting unit that sets respective target driving states of said fuel cell, said heat engine, and 
said energy transmission unit according to the selection with said energy output source selection switch; and 
a drive control unit that controls said plurality of energy output sources including said fuel cell and said heat 
25 engine as well as said energy transmission unit to the respective target driving states. 

79. A hybrid system in accordance with claim 78, wherein said target driving state setting unit sets the target driving 
state of said heat engine to a specific condition that forbids not only a drive but warm-up of said heat engine, when 
only said fuel cell is selected as the working energy output source through operation of said energy output source 

30 selection switch. 

80. A hybrid system in accordance with claim 64, said hybrid system further comprising: 

an accumulator, 

35 wherein said target driving state setting unit sets the respective target driving states by taking into account 

electrical energy input into and output from said accumulator. 

81. A hybrid system in accordance with claim 78, said hybrid system further comprising: 

40 an accumulator, 

wherein said target driving state setting unit sets the respective target driving states by taking into account 
electrical energy input into and output from said accumulator. 

82. A hybrid system in accordance with claim 64, said hybrid system is a moving object. 

45 

83. A hybrid system in accordance with claim 78, said hybrid system is a moving object. 

84. A hybrid system comprising a plurality of energy output sources, which include at least a fuel cell and a heat engine, 
and an energy transmission unit that causes energy of said energy output sources to be output to outside in a usa- 

50 ble form, said hybrid system further comprising: 

a control unit that controls operations of said fuel cell and said heat engine, in order to cause said fuel cell to 
be used and output energy preferentially, while both said fuel cell and said heat engine are ready for energy 
output. 

55 

85. A hybrid moving object comprising a plurality of energy output sources, which include at least a fuel cell and a heat 
engine, and an energy transmission unit that causes energy of said energy output sources to be output to outside 
in a usable form, said hybrid moving object further comprising: 



97 



EP 1 055 545 A2 



a deterioration detector that detects deterioration of at least either one of said fuel cell and said heat engine; 
and 

a deterioration-time control unit that, when deterioration is detected with regard to one of said fuel cell and said 
heat engine, controls the other of said fuel cell and said heat engine to compensate for an effect on energy out- 
5 put due to the deterioration. 

86. A hybrid moving object comprising a plurality of power output sources, which include at least a fuel cell and a heat 
engine, and a transmission mechanism that transmits power output from said power output sources to a drive shaft 
via a transmission, said hybrid moving object further comprising: 

10 

a deterioration detector that detects deterioration of said fuel cell; and 

a transmission control unit that, when deterioration of said fuel cell is detected, controls said transmission to 
compensate for an effect on energy output due to the deterioration. 



15 87. A method of controlling a drive of a hybrid system, said hybrid system comprising a plurality of energy output 
sources, which include at least a fuel cell and a heat engine, and an energy transmission unit that causes energy 
of said energy output sources to be output to outside in a usable form, said method comprising the steps of: 

(a) setting a total required energy to be output; 
20 (b) setting respective target driving states of 6 aid fuel cell, said heat engine, and said energy transmission unit, 

while said fuel cell is preferentially used to output the total required energy; 

(c) determining whether or not a preset condition regarding a working state of said hybrid system is fulfilled; 

(d) when it is determined that the preset condition is fulfilled, changing the target driving state of at least one 
of said fuel cell, said heat engine, and said energy transmission unit to a predetermined state according to the 

25 preset condition; and 

(e) controlling said plurality of energy output sources including at least said fuel cell and said heat engine as 
well as said energy transmission unit, so as to enable the total required energy to be output. 

88. A moving object comprising a heat engine as a power source that outputs power to a drive shaft, and a motor that 
30 applies a torque to a specific site in order to compensate for a variation in torque output from said heat engine to 

said drive shaft, said moving object further comprising: 

an accumulator that is charged with electric power and a power generator unit, which are included in an electric 
power system that transmits electric power to and from said motor; 
35 a target torque setting unit that sets a torque to compensate for a variation in torque of said heat engine as a 

target torque of said motor; and 

a control unit that selectively uses said accumulator and said power generator unit according to a sign of the 
target torque, so as to enable said motor to be driven with the target torque. 

40 89. A moving object in accordance with claim 88, wherein said power generator unit comprises a fuel cell. 

90. A moving object in accordance with claim 88, said moving object further comprising: 

a charge state detector that observes a charge level of said accumulator, 
45 wherein said control unit carries out the control only when the observed charge level of said accumulator is not 

higher than a predetermined level. 

91. A moving object comprising a heat engine as a power source that outputs power to a drive shaft and a control 
mechanism that checks a variation in torque output from said heat engine to said drive shaft, said moving object 

so further comprising: 

wherein said control mechanism comprises: 

a first motor and a second motor that apply a torque to said drive shaft; 

an accumulator that is charged with electric power and a power generator unit, which are included in an electric 
55 power system that transmits electric power to and from said first and second motors. 

a target torque setting unit that respectively sets target torques of said first motor and said second motor, as 
long as a condition of maintaining a torque to be output to said drive shaft, a condition of compensating for the 
variation in torque, a condition of making the torque of said first motor not greater than zero, and a condition of 
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making the torque of said second motor not less than zero are fulfilled; and 

a control unit that regulates electric power transmitted between said first motor and said accumulator and elec- 
tric power transmitted between said second motor and said power generator unit, so as to enable said first 
motor and said second motor to be driven with the respective target torques. 

5 

92. A moving object in accordance with claim 91, wherein said power generator unit comprises a fuel cell. 

93. A moving object in accordance with claim 91, said moving object further comprising: 

to a charge state detector that observes a charge level of said accumulator, 

wherein said control unit carries out the control only when the observed charge level of said accumulator is not 
higher than a predetermined level. 

94. A method of controlling a drive of a moving object, said moving object comprising a heat engine as a power source 
is that outputs power to a drive shaft, and a motor that applies a torque to a specific site in order to compensate for a 

variation in torque output from said heat engine to said drive shaft, said method comprising the steps of: 

(b) setting a torque to compensate for a variation in torque of said heat engine as a target torque of said motor; 
and 

20 (b) selectively using an accumulator and a power generator unit, which are included in an electric power sys- 

tem that transmits electric power to and from said motor, according to a sign of the target torque, so as to ena- 
ble said motor to be driven with the target torque. 

25 



30 



35 



40 



45 



50 



99 



EP1 055 545 A2 



Fig.1 




POWER-DRIVEN 
AUXILIARY MACHINERY 



100 



EP 1 055 545 A2 




101 



EP1 055 545 A2 



Fig. 3 




102 



EP1 055 545 A2 



CVI 


















Li- 


















li- 










o 








es 


















CO 

CO 


















CS4 

CO 


















CO 


















CO 




o 












o 


CSJ 




o 










o 


o 


c3 








o 


O 


o 


o 


o 




o 




o 


o 


© 


o 


o 






a. 


OS 




GO 


■o 

CVI 


CO 







103 



EP 1 055 545 A2 



ig. 5 




104 



EP 1 055 545 A2 



Fig. 6 




CNJ 



105 



EP1 055 545 A2 



Fig. 7 



Remaining quantity O 
of gasol ine 

Remaining quantity O" 
of FC fuel 

Temperature of fuel eel! 

Engine speed Q- 
Engine temperature Q- 
Igni tion switch O 
Battery SOC O 
Battery temperature Q- 
Vehicle speed O 
AT oiJ temperature O — 
Gearshift position O- 
Parking brake O- 
Foot brake CD- 
Catalyst temperature O — 
Accelerator travel O 
Sports shift signal Q- 
Acceleration sensor O- 



— O Ignition signal 

— Q)Fue\ injection signal 

Auxi I iary machinery 
— O driving motor 
control signal 

Motor control signal 

, ^ Transmission 
— "vJ cont ro I si gna I 

— O at solenoid signal 

_q AT line pressure 

control solenoid signal 

input clutch 
control solenoid signal 

— O AT lock-up control 
solenoid signal 

AT power-driven 
hydrauf ic pump signal 



Motor electric power 
supply changeover 
swi tch control signal 



_q Auxi I iary machinery 
^^^driving motor electric 
power supply changeover 
switch control signal 

— O pueI cells control signal 



106 



EP1 055 545 A2 



Fig. 8 





107 



EP1 055 545 A2 



Fig. 10 



LU 



1st 



MG 



\ 



Fig. 11 



VEHICLE SPEED 



VEHICLE SPEED 



108 



EP 1 055 545 A2 



Fig. 12 



C EV DRIVE CONTROL ROUTINE } 



INPUT DRIVING CONDITIONS 
OF VEHICLE 



YES 




S10 



S40 



NON-HYBRID MODE 



SET MOTOR AS 
WORKING POWER SOURCE 



NO 


f 


> 


SET ENGINE AS 
WORKING POWER SOURCE 



\ 


i 


V.S60 


S80~^ 


\ 


i 


PROCESSING TO 
STOP ENGINE 


«^-S70 


S90-v_-* 


PROCESSING TO 
STOP MOTOR 















c 



I 



RETURN 



109 



EP1 055 545 A2 



Fig. 13 



C 



MOTOR DRIVE CONTROL ROUTINE 






INPUT TARGET DRIVING CONDITIONS 






\ 






SET VOLTAGES Vd AND Vq TO BE APPLIED 



S3 



2 PHASE-TO-3 


PHASE CONVERSION 


\ 




PWM 


CONTROL 



S4 



S5 



c 



RETURN 



110 



BP 1 055 545 A2 



Fig. 14 



(auxi liary machinery drive control routine^) 



S1 10 



INPUT DRIVING CONDITIONS OF VEHICLE 




NO 



PROCESSING TO DRIVE AUXILIARY MACHINERY 
DRIVING MOTOR USING FUEL CELL 
AS ELECTRIC POWER SUPPLY 



PROCESSING TO DRIVE AUXILIARY MACHINERY 
WITH ENGINE AS WORKING POWER SOURCE 



PROCESSING TO 
STOP ENGINE 



I 



S160 



S150 



C 



I 



RETURN 



111 



EP1 055 545 A2 



Fig. 15 



C~ CHARGING CONTROL ROUTINE ~") 

T 

INPUT DRIVING CONDITIONS OF VEHICLE 



YES 





1 


SLO«- 


L01 





FCL^Fth3? 
S230 S260 



S210 




S250 



CHARGE BATTERY 
WITH FUEL CELL 



SL0«-L02 




S300 



GENERATOR DRIVE 
CONTROL PROCESS 



EP1 055 545 A2 



Fig. 16 




CO GO oo 



DOS 



113 



EP1 055 545 A2 



Fig. 17 



UJ 
<=> 

»— 

LU 
LU 

3 



CHmax 




LOSS 



L02 100 
S0C(%) 



Fig. 18 



Driving state 


Motor 80 


Motor 20 


N, P 


S0C<L02 


© 


O 


S0C^L02 






Other gearshift positions 


EV drive 






Engine drive 


During change of speed 


© 




High AT oil temperature 


© 




Other 
condi t ions 


SOC<L0SS 


© 


O 


SOC^LOSS 


© 




Non-d r i v i rig 
condi t ions 


S0C<L02 


o 


A 


SOC^L02 




A 



© : Used as main generator 
O ' Used as sub-generator 
A : Regenerative operation 



114 



EP1 055 545 A2 



Fig. 19 
(generator drive control routine 3 



INPUT DRIVING CONDITIONS OF VEHICLE 




POWER GENERATION 
BY MOTOR 80 



DRIVE MOTOR 80 
AS MAIN POWER GENERATOR 
AND MOTOR 20 
AS SUB-GENERATOR 



S350 



YES 



S345 




REGENERATIVE OPERATION 
OF MOTOR 20 



POWER GENERATION 
BY MOTOR 20 
AND REGENERATIVE 
OPERATION OF MOTOR 20 



S370 



S375 



DRIVE MOTOR 80 

AS MAIN POWER GENERATOR 

AND MOTOR 20 

AS SUB-GENERATOR 



POWER GENERATION 
BY MOTOR 80 



c 



RETURN 



J 



115 



EP1 055 545 A2 



Fig. 20 




AUXILIARY MACHINERY 



116 



EP1 055 545 A2 



Fig. 21 




117 



EP1 055 545 A2 




118 



EP1 055 545 A2 



:. 23 



o 




















Gear rati 






CNJ 

T" 


T" 










T 


CO 




















CD 
J*. 

co 


X 


X 




(J 


(J 


CJ 


X 


X 


o 






















CNJ 




















CJ 


O 


O 


X 


X 


X 


X 


O 


O 


X 






















<3 








































*-> 


O 


< 


O 


< 


X 


X 


O 


X 


X 
































































CNJ 


2nd (low speec 


high speed 


low speed 




«•-» 

CO 


2nd (assist) 


2nd (regeneral 


low speed 




Q 






O 


















o 










So 

cr 

LU 










o 







0<3x 



119 



EP1 055 545 A2 




120 



EP 1 055 545 A2 



Fig. 26 




121 



EP1 055 545 A2 



Fig. 27 




REQUIRED TORQUE 



122 



EP1 055 545 A2 



Fig. 28 




123 



EP1 055 545 A2 



Fig. 29 



UJ 




VEHICLE SPEED 



124 



EP1 055 545 A2 




125 



EP1 055 545 A2 



Fig. 31 



CO 



co 

CO 



100% 




FLIM 



REMAINING QUANTITY 
OF FC FUEL 



126 



EP1 055 545 A2 



Fig. 32 



C 



EV DRIVE CONTROL ROUTINE 



I 



INPUT DRIVING CONDITIONS OF VEHICLE 



504 




S500 



YES ^ NO 
FCL£Fth5 
• & Tfc<Tu ? 



CALCULATE RATE OF CHANGE 
IN REMAINING QUANTITY FCL 
OF FC FUEL 



LL 



$512 



ENGINE DRIVE MODE 
CONTROL ENGINE OPERATION 
AND GEAR RATIOS 



SET MG AREA AND ASSIST TORQUE 




S506 



SS10 



MG DRIVE MODE 
CONTROL MOTOR OUTPUT 
AND GEAR RATIOS 



,S514 



ASSIST DRIVE MODE 

CONTROL ENGINE OPERATION, MOTOR OUTPUT, 
AND GEAR RATIOS 



c 



RETURN 



127 



EP1 055 545 A2 



Fig. 33 



C 



DRIVE CONTROL ROUTINE 



INPUT SIGNALS 



YES 



S608 



S612 



CHANGEOVER OF 
WORKING POWER SOURCE 
ACCORDING TO MAPS 



CHANGEOVER OF 
WORKING POWER SOURCE 
ACCORDING TO MAPS 



DISPLAY TO INFORM 
NORMAL DRIVING STATE 



S610 



I 



DISPLAY TO INFORM 
LITTLE GASOLINE 



7 



S614 



C 




S600 




S602 



S616 



Z. 



MG DRIVE 



DISPLAY TO INFORM 
LITTLE GASOLINE 
AND MG DRIVE 



S618 



RETURN 



128 



EP 1 055 545 A2 



Fig. 34 



LU 




CONSUMPTION RATE OF GASOLINE 



129 



EP1 055 545 A2 



Fig. 35 



Q DRIVE CONTROL ROUTINE ^ 




S706 



S710 



CHANGEO 
WORKING 
ACCORD 1 


VER OF 

POWER SOURCE 
NG TO MAPS 


_ J 


f 


DISPLAY 
NORMAL 


TO INFORM 
DRIVING STATE 





f 


STOP CHANGEOVER 
AND MG DRIVE 



S708 



S712 



I 



DISPLAY TO INFORM 
LITTLE GASOLINE 
AND MG DRIVE 



C 



RETURN 



130 



EP 1 055 545 A2 



Fig. 36 



C 



DRIVE CONTROL ROUTINE 



[ 



INPUT 



SIGNALS — ^S800 



| SPECIFY VARIED DRIVING FORCE AREA ^ — ^~^S802 

S804 



S808 





CHANGEO\ 
WORKING 
ACCORD If 


/ER OF 

POWER SOURCE 
4G TO MAPS 


I 


DISPLAY 
NORMAL 1 


TO INFORM 
DRIVING STATE 



N > 


f 


STOP CHANGEOVER 
AND MG DRIVE 




S810 



S814 



DISPLAY TO INFORM 
LITTLE GASOLINE 
AND MG DRIVE 



C 



RETURN 



131 



EP 1 055 545 A2 




EP1 055 545 A2 



Fig. 38 



C 



EV DRIVE CONTROL ROUTINE 



0 



\ 


I 


INPUT DRIVING CONDITIONS OF VEHICLE 







YES 



V 



SI 050 



DRIVE MOTOR 
WITH BATTERY 
AS ELECTRIC 
POWER SUPPLY 




SI 040 



FCL^Fthll? 
YES J, ^1060 



DRIVE MOTOR WITH FUEL CELL 
AS ELECTRIC POWER SUPPLY 



STOP ENGINE 



S1070 



X 



S1010 



S1080 



SET ENGINE AS 
WORKING POWER SOURCE 



c 



V 



RETURN 



133 



EP1 055 545 A2 



Fig. 39 




J ! I ! ' ' 

aO al a2 a3 a4 a5 x J ME 



-5H 



134 



EP1 055 545 A2 



Fig. 40 



C 



AUXILIARY MACHINERY DRIVE CONTROL ROUTINE 



S1 150 



DRIVE AUXILIARY MACHINERY 
DRIVING MOTOR 
WITH BATTERY 

AS ELECTRIC POWER SUPPLY 



DRIVE AUXILIARY MACHINERY 

DRIVING MOTOR 

WITH FUEL CELL 

AS ELECTRIC POWER SUPPLY 



STOP ENGINE 



smo 



$1110 




S1 180 



SET ENGINE AS 
WORKING POWER SOURCE 



c 



V 



RETURN 



3 



135 



EP1 055 545 A2 



ig. 41 




TIME 



TIME 



TIME 



bO b1 b2 b3 b4 bS TjME 



136 



EP 1 055 545 A2 



Fig. 42 



f POWER ASSIST CONTROL ROUTINE ~) 



INPUT DRIVING CONDITIONS OF VEHICLE 



YES 




S1240 



1250 



CHARGE BATTERY 
WITH FUEL CELL 



S1210 



DRIVE MOTOR 



T 



S1260 



SI 270 



C 



ENHANCE ENGINE OUTPUT 
I 



RET 



URN ^ 



137 



EP1 055 545 A2 



Fig. 43 




cO cl c2 c3 c4 c5 c6 c7 c8 T | ME 



138 



EP1 055 545 A2 



Fig. 44 



C 



VEHICLE STOP- OR SPEED REDUCTION-TIME CONTROL ROUTINE 



INPUT DRIVING CONDITIONS OF VEHICLE 



S1350 




S1320 
NO 



S1330 



1360 



FULL POWER 
GENERATION MODE 



STAND-BY MODE 



c 



1 

RET 



S1310 



S1370 



PRE-POWER 
GENERATION MODE 



URN J 



139 



BP 1 055 545 A2 




140 



BP 1 055 545 A2 

Fig. 46 




VEHICLE SPEED 



Fig. 47 




VEHICLE SPEED 



141 



EP1 055 545 A2 



Fig. 48 



LU 



C_3 



1st 



MG ASSIST 



MG 



\ 



Fig. 49 



VEHICLE SPEED 



MG ASSIST 




VEHICLE SPEED 



142 



EP1 055 545 A2 



Fig. 50 



POWER ASSIST CONTROL ROUTINE ^ 



\ 




INPUT DRIVING CONDITIONS OF VEHICLE 



YES 



S1450 



SET BATTERY 

AS WORKING ELECTRIC 

POWER SUPPLY 




SI 440 



FCL^Fth14? 
YES x \, ^^S146Q 



SET FUEL CELL 
AS WORKING 

ELECTRIC POWER SUPPLY 



DRIVE MOTOR 
1 



S1470 



S1410 



SI 480 



SHIFT CHANGE-SPEED GEAR 
TO LOWER SPEED 



Q RETURN ^ 



143 



Fig. 51 



EP1 055 545 A2 



_L 



eO el e2 e3 



TIME 



TIME 



TIME 



144 



EP1 055 545 A2 



Fig. 52 



C 



POWER MODE CONTROL ROUTINE 



YES 



SI 530 



SI 550 



SET BATTERY AS WORKING 
ELECTRIC POWER SUPPLY 



SET FUEL CELL AS WORKING 
ELECTRIC POWER SUPPLY 



DRIVE UOTOR 

FOR POWER ASSIST 



S15T0 



\ 


t 


INPUT DRIVING CONDITIONS OF VEHICLE 




L^y St 520 




NO 


<^POiER 


MODE? 7>— 



S1510 




ST580 



CANCEL POWER MODE 



C 



RETURN 



145 



EP 1 055 545 A2 



Fig. 53 




146 



EP 1 055 545 A2 




147 



BP 1 055 545 A2 



Fig. 55 




148 



EP 1 055 545 A2 



Fig. 56 



C 



4 HID CONTROL ROUTINE 



INPUT DRIVING CONDITIONS OF VEHICLE 



YES 



V 



S1650 



SET BATTERY AS 
WORKING ELECTRIC 
OWER SUPPLY 



YES 



SET BOTH BATTERY 
AND FUEL CELL 
AS WORKING ELECTRIC 
POWER SUPPLIES 




SI 640 



S1660 



670 



680 



SET FUEL CELL 

AS WORKING ELECTRIC 

POWER SUPPLY 



S1610 



S1690 



SET GENERATOR 

AS WORKING ELECTRIC 

POWER SUPPLY 



V 



RETURN 



149 



EP 1 055 545 A2 



Fig. 57 




gO g1 g2 g3 g4 g5 time 



ISO 



EP 1 055 545 A2 

Fig. 58 



270 




382b 



151 



EP1 055 545 A2 



Fig. 59 



C 



EV DRIVE CONTROL ROUTINE 



I 



INPUT DRIVING CONDITIONS 
OF VEHICLE 



S1700 



YES 



V 



S1706 



SET BATTERY AS 
WORKING ELECTRIC 
POWER SUPPLY 




SI 702 



SI 704 



NO 



1710 



SET FUEL CELL AS 
DORKING ELECTRIC 
POWER SUPPLY 



c 



V 



S1708 



SET GENERATOR AS 
WORKING ELECTRIC 
POWER SUPPLY 



± 



RETURN 



152 



Fig. 60 



EP1 055 545 A2 



C 



FUEL CELL ACTIVATION CONTROL ROUTINE 



YES 




S1712 



ESTIMATE CONSUMING ELECTRIC POWER Est * 
BEFORE FUEL CELL STARTS POSER GENERATION 



V 



CALCULATE MAXIMUM ELECTRIC POWER Ebt 
OUTPUT FROM BATTERY 



S1720 




STOP ENGINE 



S1722 



DRIVE ENGINE FOR 
POWER GENERATION 



V 



OUTPUT ELECTRIC POWER 



c 



S1750 



RETURN 



3 



S1714 



$1716 



153 



BP 1 055 545 A2 



st REQUIRED TIME BEFORE START 
OF POWER GENERATION 




tst REQUIRED TIME BEFORE START 
OF POWER GENERATION 



154 



EP1 055 545 A2 



Fig. 62 




155 



EP 1 055 545 A2 



Fig. 63 



(~ ENGINE DRIVE POINT SETTING ROUTINE 

I 



J 



INPUT CONSUMING ELECTRIC POWER Est 
AND REQUIRED TIME tst BEFORE START 
OF POWER GENERATION 



S1730 



CALCULATE REQUIRED POWERPreq=Est/tst 



S1732 



YES 



S1736 




SELECT OPTIMUM POINT 
DP1 OF HIGHEST DRIVING 
EFFICIENCY AS DRIVE POINT 



SET OPTIMUM POINT 
CORRESPONDING TO 
Preq AS DRIVE POINT 



c 



I 



RETURN 



J 



156 



EP1 055 545 A2 





157 



EP1 055 545 A2 




158 



EP1 055 545 A2 



Fig. 67 




163B 



159 



EP1 055 545 A2 




EP1 055 545 A2 



Fig. 69 



C 



EV DRIVE CONTROL ROUTINE 



\ 


f 


INPUT DRIVING CONDITIONS OF VEHICLE 



S2010 



S2020 
ENG i NE \ YES 



V 



S2035 



SET MOTOR AS 
WORKING POWER SOURCE 
ANO STOP ENGINE 



S2055 



1 




STOP FUE 



L CELL 



AND ENGINE 



STOP FUEL 
CELL AND ENGINE 



SET ENGINE AS WORKING 

POWER SOURCE 

AND STOP FUEL CELL 



c 



RETURN 



161 



EP 1 055 545 A2 



Fig. 70 



C 



EXTERNAL ELECTRIC POiER SUPPLY 
ACTIVATION CONTROL ROUTINE 



S2105 



S2120 




S2125 



• SWITCH ON EXTERNAL 
ELECTRIC POIER SUPPLY 

- INDICATOR LIGHTS UP 

- BATTERY WORKS AS 
ELECTRIC POWER SUPPLY 
WHILE ENGINE STOPS 



• SWITCH ON EXTERNAL ELECTRIC 
POWER SUPPLY 

• INDICATOR LIGHT UP 

• FUEL CELL WORKS AS ELECTRIC 
POWER SUPPLY WHILE ENGINE STOPS 



• SWITCH OFF EXTERNAL 
ELECTRIC POWER SUPPLY 

• INDICATOR GOES OUT 



- SWITCH ON EXTERNAL 
ELECTA J C POWER SUPPLY 

• INDICATOR LIGHTS UP 

* ENGINE WORKS TO SUPPLY 
ELECTRIC POWER WHILE 
FUEL CELL STOPS 



C 



RETURN 



162 



EP 1 055 545 A2 



Fig. 71 



YES 



O 



S2035 




S2031 



S2040. 



Fig. 72 



C3 



GSL 



163 



EP1 055 545 A2 



Fig. 73 



( EV DRIVE CONTROL ROUTINE ^ 





I 


INPUT DRIVING CONDITIONS OF VEHICLE 



NO 



S2240 



ORIVE MOTOR WITH 
FUEL CELL AS WORKING 
ELECTRIC POHB SUPPLY 



$2260 



c 



S2230 




S2210 



YES 



DRIVE MOTOR WITH 
BATTERY AS WORK INC 
ELECTRIC POWER SUPPLY 



S2270 



sir erctre as 

POSER SOURCE 

TO DRIVE VEHICLE 



RETURN 



164 



EP 1 055 545 A2 



i g. 74 




165 



EP1 055 545 A2 



Fig. 75 



GO 



TOTAL OUTPUT 



MOTOR TORQUE n o 

* C 2 



C 1 



UJ 




ACCELERATOR TRAVEL 



166 



BP 1 055 545 A2 



Fig. 76 



C 



DRIVE CONTROL ROUTINE 



INPUT DRIVING CONDITIONS 
OF VEHICLE 



S2305 



S2310 

*C HAS NO 
JETER I ORATEDL 



YES 



S2320 



DRIVE MOTOR 
WITH BATTERY 



YES 




S2330 



DRIVE MOTOR WITH FUEL CELL 



S2335 



ENHANCE ENGINE OUTPl 



SHIFT CHANGE-SPEED GEAR 



S2345 



DRIVE MOTOR 
WITH FUEL CELL 



V 



S2350 



SET ENGINE AS POWER SOURCE 
AND STOP OPERATION OF FUEL CELL 



S2340 



c 



RETURN 



167 



EP 1 055 545 A2 




AUXILIARY MACHINERY 



168 



EP1 055 545 A2 



Fig. 78 



C 



ENGINE WARM-UP CONTROL ROUTINE 



INPUT DRIVING CONDITIONS 
OF VEHICLE 



NO 



S2415 



S2420 




S2425 

NO ^-"TS THERE 

POSSIBILITY 
Dp ENGINE ORIVE? 



YES 



DRIVE MOTOR 
WITH FUEL CELLS 



S2430 



V 



D 



S2405 



S2440 



SET ENGINE AS 
WORKING POWER SOURCE 



DRIVE MOTOR WITH FUEL CELLS 



S243 



WARM-UP DRIVE OF ENGINE 



c 



1 

RETURN 



3 



169 



EP 1 055 545 A2 



Fig. 79 




( , S2427 




S2415 



YES 



WARM-UP DRIVE OF ENGINE 



S2431 



X 



ENHANCE OUTPUT OF FUEL CELL 
OUTPUT POWER IS USED TO DRIVE 
BOTOR AND ACCUMULATED IN BATTERY 



S243 ^J COUPLE INPUT CLUTCH 



c 



V 



RETURN 



3 



170 



EP1 055 545 A2 



Fig. 81 



C 



EV DRIVE CONTROL ROUTINE 



i 



3 



INPUT DRIVING CONDITIONS 
OF VEHICLE 



S25TO 



S2520 



YES 



S2530 




SET ENGINE AS WORKING POWER SOURCE 
AND CARRY OUT WARM-UP OF ENGINE 



YES 



S2550 



SET MOTOR AS WORKING POWER SOURCE 
AND FORBID WARM-UP OF ENGINE 



c 



$2560 



SELECTIVELY USE ERG IKE 
AND MOTOR AS IORKING 
POWER SOURCE AMD 
CARRT OUT WARM-UP OF E&GINE 



RETURN 



171 



EP 1 055 545 A2 



Fig. 82 



or u4 

O 




— <_> 

3« 



(POWER 
OPERATION) 




(REGENERATIVE 
OPERATION) 




172 



BP 1 055 545 A2 




C 



RETURN 



173 



EP 1 055 545 A2 



Fig. 84 



C 



MOTOR CONTROL ROUTINE 



CALCULATE TORQUE DIFFERENCE DT OF ENGINE 
AT = ACTUAL TORQUE - TARGET TORQUE 



S3830 




174 



EP1 055 545 A2 



Fig. 85 



as 

CD 




(POWER 
OPERATION) 




(REGENERATIVE 
OPERATION) 



(POWER 
OPERATION) 



3 

3 



(REGENERATIVE 
OPERATION) 



TIKE 



175 



EP 1 055 545 A2 



Fig. 86 



C 



DAMPING CONTROL ROUTINE 



3 



S3920 




DAMPING CONTROL 

SET TARGET TORQUE OF AUXILIARY 
MACHINERY DRIVING MOTOR TO CARRY 
OUT REGENERATIVE OPERATION IN 
■MOLE RANGE AW) CHARGE BATTERY 



USE BATTERY 

TO OUTPUT ADDITIONAL TORQUE 



S3924 



ENHANCE 
IDLING SPEED 



S3928 




$3932 



STOP 

DAMPING CONTROL 



S3936 



USE FUEL CELL I 
TO OUTPUT ADDITIONAL TORQUE | 



C 



RETURN 



176 



EP 1 055 545 A2 




177 



EP 1 055 545 A2 



Fig. 88 




178 



EP1 055 545 A2 




179 



EP 1 055 545 A2 




180 



EP1 055 545 A2 



Fig. 91 




181 



